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ABSTRACT
Aims and objective:
The desire for reproduction is a basic human insand it is well known
that infertility is one of the psychosocial probkaffecting many couples
world wide. This study aimed to evaluate the pattdrreproductive
hormones in women with infertility in Zaria, NortimeNigeria with a view
to assessing the contribution of certain endocatiups to infertility in the
study population.
This was a crosss- sectional study of women wifiriifity attending
infertility clinic in Ahmadu Bello university teaatng Hospital (ABUTH),
Zaria.
Subjects and Methods:
Concentration of Leutinizing Hormone (LH), follecktimulating hormone
(FSH), Prolactin (PRL), progesterone and Oestiadere measured in 120
infertile women and 60 apparently healthy feni@men as control in order
to assess the contribution and clinical signifieaatthese hormones in the
aetiopathogenesis of infertility in these subjeciie serum hormones were
measured by the microwell enzyme linked immunosarbesay (ELISA)
technigue based on the non competitive sandwidahcipte for LH, FSH

and prolactin while the serum progesterone andaxist were measured

based on competitive ELISA principle.
IX



The reproducibility of ELISA kits used for the asarement of the
hormone was evaluated with available facilitieth@ Chemical pathology
Laboratory of Ahmadu Bello University Teaching Hitap(ABUTH) Zaria.
Results:

The within-runs assay coefficient of variation wér8%, 8.4%, 3.1%, 4.3%
and 2.1% for LH, FSH, prolactin, progesterone agstradiol respectively
while the between-runs assay coefficient of vasratvere 6.2%, 9.0%,
6.9%, 7.3% and 2.7% respectively.

Differences in hormone levels between the grougderntife and infertile
women were assessed by the use of Levene’s test.

The mean levels of LH, Prolactin, progesteronstradiol and LH/FSH
ratio were found to be significantly different(p@B) in the infertile women
compared to the control groups. The infertile worhad a higher (p<0.05)
mean concentration of LH, prolactin and LH/FSHa &t 34.8+27.8mIU/ml
30.9£20.3ng/ml and 4+5.8 ) values than the feadatrol groups ( 12.3+
6.8mIU/ml , 8.7 £5.6ng/ml and 1.1+0.7).The meamuseprogesterone and
oestradiol in infertile women (5.3+x11.1ng/ml arftB8.2+157pg/ml) were
significantly lower (p<0.05) than in infertile womé¢17.8x+ 16.9ng/ml

and 366+22.7pg/ml).



There was no significant difference (p>0.05) intla# serum hormonal
profile in infertile women with primary infertilitywvhen compared with those
with secondary infertility.

Hormonal abnormalities were seen in 71.7% of tiéwomen comprising
33.3% polycystic ovarian syndrome with hyperprategmia, 13.3%

luteal phase deficiency with hyperprolactinaeni&.3% polycystic ovarian
syndrome, 2.5% luteal phase defficiency, 4.2%Hypeaglotropic
hypogonadism, 1.7%Hypergonadoropic hypogonadisitm wi
hyperprolactinaemia, 1.7%Hypogonadotropic hypogmmacnd
1.7%Hypergonadotropic hypergonadism. Hyperprolaetimia was found in
50% and has the highest incidence of all the haahdisorders among the
infertile women studied.

Hyper prolactinaemia was also found to coexist widme other hormonal
abnormalities in this study .

Polycystic ovarian syndrome was found in 46.6%nédritile women

studied.

Xi



The infertile women with normal hormonal levels &@8.3%.

Correlation between the biochemical parameterstamdlinical parameters
were assessed by the use of Pearson’s correlakioere were positive and
significant correlations between BMI and serum lntontrols. There were
no significant correlation (p>0.05) between age lindhemical parameters
among the infertile women. However there was atpasi

correlation (p<0.05) between age and serum BMI antba controls.
Conclusions

The results of this study indicate that hormonsdbiers may be
responsible for some cases of women with infeytilithese results also
suggest hormonal disorders that occur in infeviibignen in

Zaria, Northern Nigeria may be treatable.
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CHAPTER ONE

1.ONTRODUCTION

1.1 Reproduction

Reproduction is one of the most important functiohthe living organism.
Reproductive function in women requires the hornsaofehe
hypothalamic- Pituitary-gonadal axis as well asatieenal glands. The
reproductive hormones that regulate the femaleaddite are produced by

the ovary under the control of the hypothalamiaifary system.

1.2 Female reproductive system

UTERIME OR
* RALLOPIAN TUBE

VAGINA

Fig:1.1 The female reproductive system.
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The female reproductive system consists of a vagitesus, and bilateral
fallopian tubes and ovaries. The ovaries are éatah either side of the
uterus in close proximity to the fallopian tub&key function as both the

producer of ova and the secretors of the sex hoesprogesterone and
oestrogens. The ovaries have three regions: an cutiex containing
oocytes in various stages of maturation, an inregfutiar containing
stromal cells and steroid producing cells, andlarhi which serves as the
entrance for nerves and blood vessels and conthects/ary to mesenteric
tissue in association with fallopian tubes.

Every healthy female neonate possesses approxyratelhundred
thousands( 400,000) primordial follicles, each aonihg an immature
ovum. During the reproductive life span of an agwdiman, 300 to 400
follicles will reach maturity( depokt al 1991, Thalavard, J. C. 1994).

As the ovum matures, it progress from a primorftibicle through primary,
secondary, and tertiary follicular phases. A singlure follicle (Graffian
follicle) is produce during each normal menstrualle at approximately day
fourteen. Sorrounding the oocyte of the maturedellare three distinct cell
layers: theheca externa, thetheca interna andgranulosa cells. Thetheca
interna cells are the primary source of androgens whiehtransported to
the adjacengranulosa cells, where they aromatised to oestrogens

(Thalavard, J.C 1994).



The mature follicle undergoes ovulation by the psscof rupture, thereby
releasing the oocyte into the proximity of thedgaian tubes. The follicle
then fills with blood to form theorpus heamorragium. The granulosa and
theca cells of the follicle lining quickly prolifate to form lipid-rich luteal
cells, replacing the clotted blood and forming ¢bepus luteum (yellow
body). The luteal cells produce oestrogens andgstegone. If fertilisation
and pregnancy occur, the corpus luteum persisteamighues to produce
oestrogen and progesterone. If no pregnancy odtieggorpus luteum
regresses and is eventually replaced by scar tissue

The fallopian tube arise from the uterus and extemdrd the ovaries. They
convey the the sperm upward from the uterine canty provide the site of
fertilisation of the oocyte.The fertilised eggrarnsported back along the
fallopian tubes to the uterine cavity. The utegagity is lined by
endometrium.The endometrium undergoes cyclical gbsim preparation
for implantation and pregnancy. During the lutdahge, the endometrial
lining increases in thickness and vascularity; miyimenstruation,the

endometrium is shed.



1.3 FERTILITY HORMONES
1.3.1 Gonadotropins: Luteinizing Hormone(LH) and Fdlicle

Stimulating Hormone (FSH)
The primary pituitary hormones that regulate thar@n functions are LH
and FSH. Both hormones were named on the basrewfdffects on ovarian
function before their effects on testicular funotwas recognised. LH and
FSH are secreted by the same basophilic cellsipitnitary. They are
glycoproteins composed of two polypeptide chairsgieated alpha and
beta. The alpha subunits of the hormones are wiratnd similar to all
other pituitary hormones e.g TSH while biologic amdnunologic activities
are conferred by the unique beta subunit (Vaitwehigd, 1976). Both
subunits are required for endocrine action. Intaag various sugar are
linked to these hormones (oligosaccharides antt siaid residues) in a
process termed glycosylation or glycation. The tgpd number of sugars
differ between FSH and LH. Twenty different fornfd. 61 and FSH have

been identified based on electrophoretic separétiaitukaitset al, 1976).

1.3.2 PROLACTIN.
Human prolactin is a single chain polypeptide vaittnolecular weight of
22,000 dalton(d). It is secreted from the antepituitary. Release of

prolactin is controlled by a complex neuroedocritex initiated by a



tactile stimulus and regulated by hypothalamicasiieg factor i.e Prolacting
Releasing factor(PRF) and inhibition factors i.el&cting Inhibiting
Factor(PIF).

The primary function of prolactin is to initiatedarst development and to
stimulateand maintain lactation. Unlike FSH and LH prolagsmunder

tonic inhibitory control of the hypothalamus. Tmeportant mediator of
inhibition is dopamine and any abnormality in tlyatbesis, transport or
interaction of dopamine diminishes its inhibitotigity and therefore
increases prolactin release(Hultietgal, 1985).

Prolactin levels are important for normal libidao Eignificant hypogonadal
effects have been observed with low serum proldetials. In females, clear
pathophysiologic states have been ascribed to pygactinaemia (Hulting
et al,1989). Most evidence suggest that hyperprolactimaabolishes
gonadotropin pulsatility by interfering with episodsnRH release.
Prolactin levels are elevated in renal diseasegtmypoidism, stress,
exercise and hypoglycaemia.

Prolactin concentrations may also be raised bysisugh as reserpine

oestrogen and lowered by bromocryptine and L-dopa.

1.3.3 OESTROGENS
Oestrogens are sex hormones that are responasilitleefdevelopment and
maintenance of the female sex and female secoséanal organs
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characteristics. In conjunction with progesterdhey also participate in the
regulation of the menstrual cycle and breast dadne growth and in the
maintenance of pregnancy.

Oestrogens are derivatives of the parent hydrocaokestrane, which is an
18 -carbon molecule with an aromatic ring A andedhyl group at C-13
(Adashi, E.Y, 1992, and Caro, J 1997).

Oestrogens possess a phenolic hydroxyl group &, @+ich gives the
compound an acidic property, and may possesgoadkéoestrone) or
hydroxyl group(oestradiol) at C-17 and frequenti{Cal6(oestriol).

In normal women, most oestrogens are secreted dryaovfollicles and the
corpus luteum and during pregnancy, by the placé&udeenal glands and
testes are also believed to secrete minute quesfioestrogens. Over 20
oestrogen compounds have been identified, but bhlyeta- oestradiol
(E>), oestrone (B, and oestriol (B}, are known to have any clinical
importance.

Oestrogens are also produced by peripheral araatiatisof androgens,
primarily androstenediol.

The most potent oestrogen secreted by the ovdrglista- oestradiol,
because it is derived almost exclusively from tharies and its
measurement is often considered sufficient to etalovarian function.
Deficiency of oestrogen results in irregular ancbimplete development of

the endometrium.



1.3.4 PROGESTERONE

Progesterone like oestrogens, is a female sex hmsadn conjuction with
oestrogens , it helps to regulate the accessognsrduring the menstrual
cycle (Adashi, E. Y. and Yen, S.5.C.1999). Thisiname is especially
important in preparing the uterus for the implaotabf the blastocyst and
In maintaining pregnancy. In non pregnant womeagesterone is secreted
mainly by the corpus luteum. During pregnancy tlaegnta becomes the
major source of this hormone. Progesterone is Bboacompound
containing a keto group (C-3) and a double bond/éenh C-4 and C-5; both
structural characteristics are essential for priagiesal activity.

Initiation and control of luteal secretion of pretgrone are regulated by LH

and FSH. Deficiency of progesterone results ilufaiof implantation.

1.4 FERTILITY IN WOMEN

Fertility denotes the actual production of livéspfing. In women, fertility
means, the ability to become pregnant and havéw Bawoman’s
reproductive years begin when she starts her medstycles during
puberty (about age 13years). The ability to haebilal usually ends around
age 45years. Though it is potentially possiblesfevoman to get pregnant
until her periods end with menopause (about agea&ly

When a baby girl is born, she already has almurtliundred

Z



thousand (400,000) immature eggs (oocytes). Thesstared in her ovaries
in tiny fluid like sacs called follicles. Once séeters her reproductive years,
she starts having monthly cycles. During each ¢ybk ovary releases one
egg (or less commonly, more than one), which magrgto join with a

man’s sperm cell and begin a pregnancy. The dem@opand release of the
egg depend on a delicate balance of reproductisadizes. Some of these
hormones are produced in the ovaries. Others ctnmestwo glands in the

brain, the hypothalamus and pituitary.

1.5 INFERTILITY

In Africa, children are the fabric of any societyithout which no
meaningful social and economic progress is consdleorthwhile.
According to the World Health Organization (WHQ)fartility is defined as
the inability to establish a pregnancy within acfed period of time
usually one year in couples of child reproductige avho are having
regular sexual intercourse without contracepticertfF1987:WHO).
Infertility also includes the inability to carrypmegnancy to the delivery of a
live baby. Infertility is primary if a pregnancy iaever occurred, and
secondary if there has been a preceding pregnarespective of the

outcome of the pregnancy.
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Generally, 15% of couples are said to be inferiiiales and females each
are believed to separately account for approxiiypd@2o of infertility and
are jointly responsible for 20% of cases (Conterapo©b/Gyn. 1980).

In USA about 13.9% of married potentially fertileuples have infertility
problem at some time in their lives ( Nandettal,1993; Rowel PJ;1988
Hillis SD,et al1993) and in the United Kingdom threvalence of infertility
Is reported to be 22% of all the patients attegdire gynaecology clinic

(Fertil Steril;1987;Fostest al1989 ).

WHO in 1991 estimated that between 8 and 12% oples experienced
some form of infertility during their reproductiViges, thus affecting 50 to
80 million worldwide, out of which 20 — 35 milliotouples in Africa are
expected to experience this problem. This can bajoslated to 3 - 4
million Nigerian couples suffering from infertilifffrhomas 1995). However
an estimate of infertile couples in lle-Ife hasmeeat at 19% by Okonofua
in 1995, although authors in previous studies endther parts of Nigeria
gave ranging estimates.

In Africa, its prevalence is particularly high ialssahara Africans ranging

from 20% to 60% (Ogunniyi, 1999).
Infertility is a world wide problem and a life cigswhich imposes a
profound emotional stress on the individual andot®and creates social

strains with friends, family and colleagues.
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Unfortunately, its incidence is gradually assumamgalarming proportion in
many parts of the developing world. Even thougl techniques of
diagnosis and treatment have been developed indhstrialised parts of
the world, the benefit of these discoveries wiklegome time to be realised
in areas where they are needed most.

In developed countries, infertility affects abd@ to 15% of married
couples. In Nigeria, the incidence varies from@3@%. Despite the
growing concern about overpopulation and underntrarrin Africa, it is
estimated that about 30 to 40% of women in subrsaffica would
complete their reproductive years without haviranid.

The causes of infertility among couples are numgend are distributed
evenly among male and female factors (Pilgrim,1200he causes of
infertility according to Talbert, 1992; Sharard& Clamrock, 2000
include:

I)Infections(PID)

i) Tubal factors

lii) Endometriosis

iv) Male factors

v) Ovulation factor

vi) Unexplained infertility
10



vii) Luteal-phase defect
viii) Cervical factor
iX) Uterine factor

One of the most common causes of infertility iomen is pelvic
Inflammatory disease (PID). Half of the most freqtly reported infections
are sexually transmitted diseases (STD’s) (Pilga691).

In a study undertaken by the World Health Orgaona(\WWHO), the cause
of infertility in African countries could be attiitbed to infection secondary
to sexually transmitted diseases and pregnancy lazatipns (Dyeret al,
2002a).

A recent study in the USA, has shown that Africanekican women
presented with a longer duration of infertility amdhigher incidence of tubal
disease which commonly follows pelvic inflammatadigease(PID) than
their white counterparts (Sharara & McClamrock, @00n general, tubal
disease is most common in developing countriesrapdor social
economic groups where medical services are notlyeadiilable (Willocks
& Neilson, 1991).

Another frequent finding in African American womesnuterine anomalies
such as fibroids. Fifty to seventy five per cenabfAfrican American

women are affected with fibroid tumours (Pilgrin@02.).
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Infertility due to endocrine dysfunction was prawsty thought to be
uncommon in African women but with the introduct@inmmunoassay and
other sophisticated technologies in the laborapoagtice in Africa, this
problem has been found to constitute an importanse of infertility in
African women ( Rebaat al, 1990 and Ujalet al, 1991).

Various ovulatory disorders ranging from luteal gdaeficiency to
anovulation are estimated to account for up to1068s of all infertility
problems in Africa (Contemporary obs/Gyn 2003).

Recent advances in endocrinology points to thetfattthe hypothalamo-
pituitary-ovarian (HPO) axis is essential for tineoth operation of the
mechanism of the endocrine function which leadsvidation and priming
of the endometrium for implantation of the zygoteiatr has to pass through
a normal fallopian tube following fertilisation @ret al, 2003).

Ovulation may be evaluated by various means sudbaaal body
temperature (BBT) charts, endocrine evaluationparetrial biopsy and
serial ultral sound. Unfortunately basal body terapee (BBT) charts lacks
sensitivity (Bauman J.F.1981).

Endocrine evaluation and endometrial biopsy areemeliable methods of
assessing ovulation function (Fox 1980). When eretaom is dated,

functional abnormalities of the pituitary-ovariand®metrial axis may be
12



detected as well as other endometrial causededtility such as
infection/endometritis. However some authors hap®rted that the place
of endometrial biopsy in the diagnosis of infetyilis doubtful because of
inconsistency of their findings, errors in interjatens, and hazard of
pregnancy during the luteal phase as well as thigeld therapeutic benefit
of the procedure.

Fertility in women is tightly regulated by the hypalamo- pituitary-ovarian
(HPO) axis. Any derangement of hypothalamic-pity#avarian(HPO) axis
results in menstrual irregularities and ovulatissodders with consequent
infertility (Karlo 2003).

There are four major hormonal markers that charigetéhe menstrual
cycle, two are of pituitary origin, which are lut@ing hormone (LH),
follicle stimulating hormone (FSH) while the othero are of ovarian origin,
which are oestradiol and progesterone (Ferad, 1993).

The hypothalamic-regulatory hormones which orclagstine activities of
the anterior-pituitary that relates to fertilityeagonadotrophin releasing
hormones and prolactin inhibitory factor( PIF) apdmine. The
gonadotrophin releasing hormone is a decapeptidehvidrelease in a
pulsatile fashion to stimulate release of the gotaghins; follicle

13



stimulating hormone (FSH) and Leutinizing Hormora anterior
pituitary (Willocks and Nelson 1991).

The circulating levels of most major reproductivernones have been
shown to fluctuate, often quite dramatically. TAtsounts for the large
variations shown by individual’s cycle even amongcgssion menstrual
cycle in the same woman (Fesnal, 1993).

Clues to some hormonal problems may be pointedyhistory taking and
general physical examination of the female patieat.example, the
presence of hirsutism may indicate androgen exég#ssutism in
conjunction with obesity may be associated witlypgstic ovarian
syndrome or Cushing’s syndrome.

Irregular cycles in association with a low body gigimay indicate
hypogonadotrophic ovulation problem, as seen in eomith eating
disorder (anorexia nervosa). A history of galadtoea may indicate the
presence of hyperprolactinaemia and even the presdrprolactinoma
(Brughet al, 2000). A history of hypo or hyperthyroidism mayggast an
associated ovulatory problem.

Women who are obese have high incidence of amevearand infertility. It
was found that in the United States of America (Y& % of infertility is

caused by female body weight disorders. More tl&n @f these women
14



conceive spontaneously if their weight is corred¢tedugh a
weight-reducing diet as appropriate (Bates, 1992).

Women in an ealier study in America with presumeovallation were more
than 18kg heavier than obese women with no menstimmrmalities
(Bates,1992).

However some reseachers have claimed that theblaiggl metabolic
Index (BMI) has no adverse effects in black womdmlevothers
documented a significant decrease in both the imalen rate and
pregnancy in overweight women compare to those aitbrmal body
weight (Sharara and Mcclamrock, 2000). Also theg@etage of women in
the USA with menstrual disorders increases as perrentage of weight
above ideal body weight increased (Bates, 1992).

Although this study specifically addresses infiggtin women, it is equally

important for the male partner to be tested astme time.

1.6 STATEMENT OF PROBLEM
The desire for reproduction is a basic human iostifherefore, infertility
causes distress to many couples. The causes dflitfferary from country

to country and different social groups (Willockslavieilson 1991).

In Africa, infertility is a major reproductive helalproblem with regional

prevalence rates of 30-40% ( Dyetial, 2002 ).
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Although infertility is not a disease in the classense, it is an extremely
important personal concern for many couples angrafieant health
problem for the medical profession.

The psycho-social consequences of infertility idelstress, anxiety,
depression, marital difficulties, physical violerangd social discrimination.
Available evidence suggests that the social coressmps of infertility are
particularly profound for African women as compateanen (Inhorn,
1994a,b).

Regardless of the medical cause of infertility, veonneceive the major
blame for the reproductive setback and they syiéesonal grief and
frustration, social stigma, ostracism and seri@mmemic deprivations. In
Cameroon, Feldman-Savelsberg (1994) reports thertiiity is a ground for
divorce among the Bangangte tribe causing a woméorse her access to
land distributed by her husband. Where she istaldeoid divorce, an
infertile woman receives fewer gifts from her hustband is abandoned in
old age with no child to till the land for her. Egypt, women go through a
complicated ritual known debsa (a form of fertility-producing, polluting
boundary violation) in efforts to overcome infatyil(Inhorn 1994c). Among
the EKkiti of southwestern Nigeria, Ademola (198)arts that infertile

women are treated as outcasts and their bodidsuaresl on the outskirts of
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the town with those of demented persons.

In Nigeria, infertility is the leading reason foyrgaecological consultation
(Okonofua, 1996) and couples seeking help can @dwEsavy burden on
limited health care resources.

Recent studies from various parts of Africa havaalestrated higher rates
of human Immunodefficient ( HIV) infection in infde women compared
to fertile controls (Falgusa. & a,| 1999), suggesting a greater vulnerability
of infertile women to the social factors that pspdise to HIV.

The fear of infertility has also been identifiedthe most important reason
that women often do not use contraceptives, belgethat these could lead
to infertility (Otolde V. and Okonofua, 2000).

Until recently studies have focused predominaotiypatients in
industrialised countries, while the experiencenééitility in the developing
world has received comparatively little attenti@yér et al, 2002b).

Unlike many other causes of infertility in blacknemunity especially in
Zaria hormonal factor has been least considemeskarched, or even
discussed among professionals within the health cammunity.

However, an aspect of assessment (evaluationgeafdhtribution of certain
endocrinopathies in infertile women is neglectethe management of
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patients in most of the Nigerian Hospitals inclglABUTH, Zaria, as
much attention is being paid to tubal factor. Andre is paucity of data on
endocrinopathologic contribution in infertile womattending infertility
clinics in and around Zaria.

The reported studies on this aspect of infertilgre carried out in

Kano but in a very limited scope. In view of icknical importance in the
effective management of infertility there is themef the need to carry out a
study on the pattern of reproductive hormonesferiile women seen in
ABUTH, Zaria. This could be of help in the diagnostherapeutic and
prognostic purposes including provision of assisggtoductive techniques
for infertile women and therefore, reduce the eamal stress and social
strains on individuals and couples and bring a idemable impact on

reproductive health in Zaria.
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1.7 OBECTIVES OF THE STUDY

1.7.1General objective:

The general objective of the study was to evaltreeattern of
reproductive hormones in women with infertilityZiaria, Northern Nigeria
with a view to assessing the contribution of carendocrinopathies to

infertility in the study population.

1.7.2: SPECIFIC OBJECTIVES.

The specific objectives of this study were as foo

1. To measure serum LH, FSH, LH/FSH ratio, prolaginogesterone and
oestradiol in infertile women and apparently heafdrtile women of

reproductive age group (controls).

2. To compare the results of serum prolactin, LH, FBH/FSH ratios
prolactin, progesterone and oestradiol concentratiobtained from
infertile women with those of controls.

3. To measure the anthropometric values (weight, hegidy mass

indicies ) in infertile women and controls.
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4. To compare the anthropometric values obtained fra@men with

infertility and those of the control.

5. To determine the association between anthropomethies and

reproductive hormone levels in infertile wamand controls.
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CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Introduction

The normal reproductive cycle in women consista séquence of events
that are very well co-ordinated.The normal reprogeccycle in women and
the hormones involved in reproduction are very iaua discussing the
concept of infertility, as well as those factoratthre related to infertility.
The body weight has a significant impact on infigytand those hormones

specifically related to body weight.

2.2 The female reproductive cycle

In the female reproductive cycle, ovulation isdaled by menstrual
bleeding in a recurring, predictable sequenceyniception does not occur
(Beckmanret al., 1995).

The dynamic relationships between the differemiponents of the
reproductive axis in the adult female are suchittmatreproductive process
occurs in cyclic fashion, in an orderly sequencewants. This sequence
involves a remarkable co-ordination between horrhseeretion and
morphological changes in various organs (Fetrizl, 1993).

This recurring sequence is established at pubedycantinues until the time
21



of menopause at around age fifty. A woman, theegfioas approximately 30
years of optimal reproductive function. In healtlgmen, reproductive
cycles occur at about 28-day intervals, and mosh&woovulate 13 to 14
times per year, unless ovulation is interrupteghtsgnancy, lactation or oral
contraception (Beckmarat al, 1995).

The reproductive cycle of the female can be diviaéal three stages (Ferin
et al, 1993):

1) the follicular phase, the time for follicularogvth;

2) the ovulatory period, when final maturation lod tbocyte and its release
into the reproductive tract occurs; and

3) the luteal phase, when a newly formed corpuesilutsecrets hormones in
preparation for implantation.

If the egg is not fertilised and implantation does occur, a new cycle is
initiated as soon as the activity of the corpusuuat wanes. If the fertilised
egg implants itself in the uterus, the luteal phag®olonged and becomes
the progestational phase of the pregnancy thatvsll Ovulation is induced
by the sudden release of large amounts of gonagulotre from the pituitary
gland.

Ovarian steroids also promote sexual receptivitypGs luteum

development then follows ovulation spontaneoussri(Fet al., 1993).
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The reproductive cycle depends on the cyclic it&vas between
hypothalamic gonadotrophin-releasing hormone (GnRté) pituitary
gonadotrophins follicle stimulating hormone (FSiHYlduteinizing hormone
(LH), and the ovarian sex steroid hormones oesilaatid progesterone.
Through positive — and negative — feedback lodpssd hormones stimulate
ovulation, facilitate implantation of the fertilideovum, and bring about
menstruation. If any one (or more) of the abovartwres becomes elevated
or suppressed, the reproductive cycle becomespdésiand ovulation and
menstruation cease.

In the case of female reproductive dysfunctiors @ssential to identify

which hormones are either elevated or reduced (Banket al, 1995).
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2.2.1 The menstrual cycle

The first half of the endometrial cycle, before @aton, is characterized by
epithelial and stromal differentiation. During thest half of the post-
ovulatory phase, specific changes occur in the eedaal epithelium. In the
second half, the histological changes affect trasd, leading to a
predicidual reaction. If fertilisation fails to aatG the stromal reaction
regresses and menstruation starts. If pregnanaysdhe endometrial
changes progress to formation of the deciduas iB&rAsch, 1993).

The first phase of the cycle is the menses. Thetafanenstrual bleeding

by convention is termed the first day of the cyd@lee follicular phase
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follows menses. Pulsatile GnRH secretion from tyy@othalamus results in
release of LH and FSH from the anterior pituit&gllicles are recruited
during this period and granulosa cells surroundiegdeveloping oocytes
produce oestrogens. Eventually a dominant folligeelops. The oestradiol
produced by the developing follicles causes anrbyrémdometrial
proliferation within the uterus during this stagele menstrual cycle
(Brughet al., 2002).

The pre-ovulatory phase is the third phase of yloéec During this brief
phase, an LH surge occurs, following an oestragliaje. This triggers
ovulation, which occurs 24 to 36 hours after theduge. During ovulation,
the dominant follicle ruptures, releasing the mategg. Following
ovulation, the final or luteal phase of the cydeharacterised by secretion
of progesterone from the corpus luteum (rupturdiccle).

Progesterone is necessary to maintain the endamretar the impending
implantation of an embryo, which occurs most comiyanound 5 days
after ovulation if fertilisation has occurred. lfet corpus luteum is not
supported by human chorionic gonadotrophin (hC@dpced by an
implanted embryo, it will involute (Brugét al., 2002). Once the corpus
luteum is involuted and if pregnancy does not ocoenstruation begins,

and the cycle repeats (Brughal., 2002; Beckmanst al., 1995).
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The normal ovulatory menstrual cycle can be sunsrdras follows (Ferin
etal., 1993):

1. The menstrual cycle is initiated when conditioriswvalfor the
preferential release of FSH. After that, a colebrbllicles is
recruited and the follicular phase starts

2. FSH promotes the conversion of androgens to oestsod@estradiol
concentrations increase slowly within the follicesd in the
peripheral circulation.

3. Within a few days, one of the follicles in the oohbecomes
dominant, increasing oestradiol concentrationsdewteasing LH and
FSH pulse amplitude. Diminished gonadotrophin catregion slows
down the growth of all cohort follicles, except ftine dominant
one.The dominant follicle then continues to grow.

4. The dominant follicle acquires LH receptors. LHiiates the
synthesis of androgens. These androgens are metbwito
oestrogens. Oestradiol is highly mitogenic and pidées several
local growth factors; thus, the selected follicld grow rapidly and
in a few days become a fully mature Graafian ftdlic

5. Maturity of the Graafian follicle is marked by higirculating

concentrations of oestradiol, the signal to thedtlyalamus and
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pituitary gland that the follicle is ready for theulatory signal. The
long loop oestradiol positive feedback is activadad as result, the
gonadotrophin surge occurs.
. The high gonadotrophin concentrations during thgesarrest
granulosa cell proliferation and secretory actiuitghe Graafian
follicle. Oestradiol secretion declines rapidly aGulosa cells begin to
luteinize, and as a consequence, a small pre-@rulase of
progesterone occurs.
Ovulation, the release of the fully grown oocytecurs about 18
hours following the gonadotrophin “peak”, or atded@6 hours after
the “initiation” of the surge. At ovulation, the oge resumes meiosis.
. After the release of the ooctye, the granulosarlbgeomes
vascularised, and the granulosa cell completepribeess of
luteinization, whereby it acquirele novo steroid synthesis capacity
that it previously lacked. LH stimulates progesterand oestradiol
secretion for this newly formed structure, the cerputeum.
Progesterone in combination with oestradiol, imt@ctivates the
hypothalamic opiate centre, the result of whictoidecrease
gonadotrophin pulse frequency.
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8. The corpus luteum is a transient organ that hastarent 12 —14days
life span. Thus, estradiol and progesterone secrgeaks
about seven to nine days after its formation.

9. Luteolysis, the process of regression of the colpiesim, results in a
rapid decline in progesterone and estradiol comatahs. This leads
to menstruation.

10.Through a combination of several factors, which nmajude the long
period of decreased pulse frequency during thalytiease, a
decrease in inhibin secretion and/or of oestraahol progesterone
secretion, FSH concentrations increase relativkedse of LH, and a
new cycle is initiated.

In the majority of women, the menstrual cycle ldmtveen 25 and 30days,
with the distribution within the range skewed todiaycles with a 28 — 30
day length. The onset of menstruation delineatesdimination of an
endometrial cycle and the beginning of a new omeilffet al., 1993).

2.2.2 The ovulation process

Ovulation is the end process of a series of eviaritated by the
gonadotrophin surge and resulting in the releasernéture fertilisable egg
from a Graafian follicle.

Unfortunately, the precise sequence of local everitsn the follicle that
28



lead to rupture of the follicular wall and expulsiof the egg is not known.
There is no question that the process of ovulasanitiated by the
gonadotrophin surge, which occurs in responseddaiiig loop oestradiol
positive feedback, the signal to the brain anditaity that the dominant
follicle has attained maturity. The gonadotrophinge terminates oestradiol
synthesis; the theca cell now changes from an gedrto a progesterone-
secreting tissue. Vascular changes in the pre-tonyl#ollicle occur within
minutes of the LH surge. The multi- layered capyllplexus within the
theca dilates causing hyperaemia, a prelude tovhkatory process. About
six hours into the LH surge, there is increasingr@n blood flow due to
decreased vascular resistance, increase in cgmltal venule permeability

leading to an increase in interstitial fluid voluiiferinet al., 1993).

2.2.3 Conception

Menstruation does not take place if pregnancy accilie oocyte which is
released by the Graafian follicle at the time afilation is gently swept into
the lumen of the fallopian tube by the finger-léteuctures at the ends — the
fimbrae. Ciliated cells in the tubal lumen (the esalpinx) waft the egg
onwards to the ampulla of the tube, which is wHerglisation occurs by

the union of egg and sperm (Willocks & Neilson, 199
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Fig 2.2: Menstrual cycle overview

2.3 Reproductive hormones

Fertility in women is tightly regulated by the hypalamo-pituitary-ovarian
(HPO) axis. Any derangement of the HPO axis resualtaenstrual
irregularities and ovulation disorders, with conseat sub- or infertility

(Kalro, 2003).
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There are four major hormonal markers that charigetéhe menstrual
cycle: two are of pituitary origin — LH and FSH rdatwo are of ovarian
origin — oestradiol and progesterone (Fetial;1993). The hypothalamic-
regulating hormones which orchestrate the acts/iiethe anterior pituitary
are luteinizing-releasing hormone (LHRH), cortiominin-releasing
hormone (CRH), growth hormone-releasing hormoneR8H
somatostatin, thyrotrophic hormone-releasing homen@RH) and prolactin
inhibiting factor (PIF or dopamine). LH-RH is a @@eptide, which is
released in a pulsatile fashion to stimulate reledshe gonadotrophins,
FSH and LH, from the anterior pituitary (WillocksMNeilson, 1991).

The circulating levels of most major reproductivernones have been
shown to fluctuate, often quite dramatically. ThtEounts for the large
variations shown by individual cycles, even amomngcessive menstrual
cycles in the same woman (Feedral., 1993).

Clues to some hormonal problems may be pointethyuistory taking and
general inspection of the female patient. For gptanthe presence of
hirsutism may indicate androgen excess.

Hirsutism in conjunction with obesity may be asateil with polycystic
ovarian syndrome or Cushing’s syndrome. Irregwatas in association

with a low body weight may indicate hypogonadotiogivulation
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problems, as seen in women with eating disordetas#ry of hypo- or
hyperthyroidism may suggest associated ovulatarplpm. A history of
galactorrhoea may indicate the presence of hypktpraemia and even the
presence of a prolactinoma (Brughel., 2002).

2.3.1 Ovarian sex steroid hormone secretion

Ovarian follicles respond to pituitary gonadotrapbecretion by
synthesising the principal ovarian hormones oegtlatd progesterone.
Increasing levels of oestradiol feedback to theifaity gland via a negative
— feedback mechanism, resulting in decreased sat@tFSH and
increased secretion of LH. This results in a maiketease in LH

secretion, known as the LH surge, which triggerdaon. With ovulation,
the ovarian follicle is converted into a corpu®lun and begins secreting
progesterone.

During a full reproductive cycle, one oocyte isuoght to maturity before
ovulation. In the process of bringing one oocytenaturation, a number of
oocytes are stimulated to partial maturation bbssguently undergo atresia
before reaching ovulation. During the process bicidar maturation, pre-
granulosa cells are stimulated by FSH to becomeuipaa cells, which
begin secreting oestradiol. The binding of FSHetteptors in the granulosa

cells causes granulosa cell proliferation, incrddseding of FSH, and
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increased production of oestradiol. The folliclehathe greatest number of
granulosa cells, FSH receptors, and the highestaoksl production
becomes the dominant follicle from which ovulatieii occur (Beckmann

et al., 1995).

As a primordial follicle is stimulated, thetheca cells surrounding the
granulosa cells become theca cells. Ttiheca cells secrete androgens which
serve as the precursors for the oestradiol proolutty the granulosa cells

(Beckmanret al., 1995).

2.3.2 Hypothalamic GnRH secretion

Hypothalamic GnRH is secreted in a pulsating mafmoen the arcuate
nucleus of the hypothalamus. GnRH secretion isi@mfted by oestradiol
and catecholamine neurotransmitters. The neuratitiess may help
explain psychogenic influences on the reproduatixae. GnRH reaches the
anterior pituitary gland through the hypothalampatuitary portal plexus.
Pituitary gonadotrophin secretion is stimulated ammtlulated by the
pulsating secretion of GnRH. Surgical ablationha& arcuate nucleus in
animals disrupts ovarian function, as does contisunfusion of GnRH
agonists. Ovarian function can be restored by theaping infusion of
GnRH at 70 — 90 minute intervals. (Beckmaal., 1995).
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2.3.3 Prolactin

Prolactin is associated with the gonadotrophinsyelbas with the growth
hormone, and is produced by the mammotropes (fapes). Secretion is
controlled by dopamine, which acts as a prolactiostainhibits prolactin
secretion, serotonin, endorphin and thyroliberihjol stimulates prolactin
secretion; and explains why stress (exercise, saumyocardial infarction),
may promote secretion. Prolactin levels may beatéal/in both hyper- and
hypothyroidism, because thyroliberin secretion mayncreased in both
conditions (Meyekt al., 1997).

Prolactin release is under a tonic inhibitory cohlry the hypothalamus.
The secretion of prolactin is also influenced bgr{fret al., 1993):

* Oestradiol: The ovarian hormone oestradiol augments prolaetease.
Oestradiol action is probably responsible for dédfeces in prolactin
concentrations in the adult versus the pre-pubertalenopausal woman.
» Jeep: There is a moderate rise in prolactin concentrataturing sleep.

» Sress. Several types of stress (e.g. cold, heat, phyagatession or
surgery) are all known to increase prolactin rede&milarly, certain types
of exercise will also result in increased proladtivels.
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» Pharmacological agents. Several drugs increase prolactin, mostly by
decreasing dopamine activity through specific maras. Tranquilizers
may block dopaminergic receptors, such as the ghexane derivatives, or
inhibit dopamine re-uptake from the interneuroneftcsuch as the tricyclic
depressants.

» The suckling stimulus: The amount of prolactin asked is proportional to
the frequency of suckling; hence, levels of profacharacterising the
postpartum period are related to the amount oflswgk

* GnRH: In some superfused pituitary cell cultures, is@und that GnRH
can stimulate prolactin release. This effect ischa to a direct action of the
neurohormone on the lactotrope, but rather to pipaeent production of a
paracrine factor by the gonadotrope, which in sirmulates the lactotrope
to secrete prolactin. Prolactin is best known li@r multiple effects it exerts
on the mammary gland. However, it also exerts &ffen other targets
important to the reproduction of the mammalian sggcl'he varied effects
of prolactin on the mammary gland include growtlagnmogenesis),
synthesis of milk (lactogenesis), and maintenariceil® secretion
(galactopoiesis). There are data suggesting tloégim influences
reproductive behaviour. In humans, high prolaaivels are associated with

psychosomatic reactions including pseudopregnariogte are prolactin-
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receptors in the ventromedial nucleus of the hyglathus, an area

which controls female sexual behaviour (Freertaat., 2000).

Causes of hyperprolactinaemia include: the growthn rolactin-producing
adenoma; other tumours of the pituitary region Wwhitock the inhibitory
influence of the hypothalamus; certain endocrirseases, e.g. primary
hypothyroidism; polycystic ovarian syndrome; anpicessants;
antihypertensives and oestrogen.

Hyperprolactinaemia can disturb ovarian physiolaggeveral levels,
including follicular maturation and steroidogenesiulation, the process
of luteinization, and the corpus luteum functiomg€§ignaniet al., 1999).
Increasing prolactin levels are frequently assedatith disturbances of the
menstrual cycle. Most commonly, these are seeatiemts with a prolactin-
producing pituitary adenoma. Thus, in the initizhkiation process of the
infertile patient with irregular menses or amenogd, it is always important

to measure prolactin concentrations (Fetial., 1993).

2.3.4 Thyroid-stimulating hormone(TSH)
TSH is released from the anterior pituitary in @s®e to TRH, a tripeptide
synthesised in the supraoptic and supraventriculalei (de Swiett al.,

2002).
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TSH contains 209 amino acids arranged in two pgfige chains. Secretion
is controlled by thyroliberin (TSH-RH) — the releds stimulated by stress,
and the plasma level of thyroid hormone throughatieg feedback on the
hypothalamus and particularly on the anterior patyi Thyrotropin controls
the structure of the thyroid gland as well as gawdse of its function
(Meyeret al., 1997).

TSH also has these effects on the thyroid: it iases its size, vascularity,
lodine uptake, protein synthesis, storage of mkmd the secretion of T3
and T4 (de Swiett al., 2002).

Thyroid dysfunction is more common in women thamien. Clinical
manifestations of thyroid disease can be subtlermsidious. Various
reproductive disorders ranging from abnormal sereaklopment to
menstrual irregularities and infertility has beasaciated with thyroid
disorders. Hyper and hypothyroidism can result @nstrual irregularities
and compromise fertility (Kalro, 2003).

Oligomenorrhoea seems to be the most common mahsisorder in
hyperthyroidism and may progress to amenorrhoeanamhoea is a
feature of severe hyperthyroidism, with elevateddrid FSH levels, loss of
midcycle LH peak, and consequent anovulation andoilmgesterone levels.

Excess thyroid hormones typically increase sex lbaerbinding globulin
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(SHBG) production and serum levels, reflecting @ased tissue response to
these hormones.

Circulating total oestrogen and testosterone leargdsherefore increased,
but active or free fractions are often reduced i(&003).

Hypothyroidism often causes polymenorrhoea andalgnorrhoea. It
occasionally causes anovulation and rarely ameaeahOccasionally,
hypothyroidism may be associated with prolongedbplerof amenorrhoea
and anovulation. Patients with hypothyroidism headuced levels of SHBG
and consequently reduced levels of circulatingrogens and testosterone.
With anovulatory cycles, LH and FSH may also beauoed (Kalro, 2003).
Hypothyroid states are often associated with irsedahyrotropin-releasing
hormone levels, which increase both TSH and privldevels.
Hyperprolactinaemia from longstanding primary hypobidism may be
responsible for varying degrees of ovulatory dysfiom from luteal-phase
insufficiency to oligomenorrhoea or amenorrhoeal(#2003).

2.3.5 Luteinizing hormone and follicle-stimulatinghormone

The pituitary gonadotrophins FSH and LH are probgirmones secreted by
the anterior pituitary gland (Beckmastal., 1995). LH and FSH are
glycoproteins from the family which includes TSHiamman chorionic

gonadotrophin.
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These hormones consist of a comnménsubunit and a specific 3 — subunit.
Both are glycosylated, which determines their biodg and half- life (de
Swietet al., 2002).

Secretion of the gonadotrophins, FSH and LH, idrotied by luliberin.
This stimulates secretion of LH more effectivelgritfollitropin secretion,
the plasma levels of the sex hormones (oestradapaogesterone in
females) through positive and negative feedbadk.dtso controlled by
inhibin, a hormone produced by the Graafian fadcin females.

Luliberin also inhibits the release of FSH (Mewgeal., 1997). FSH and LH
are also secreted in a pulsating fashion in conagéntthe pulsating release
of GnRH. The magnitude of secretion and the rategcretion of FSH
and/or LH are determined by the levels of ovartaénosd hormones and
other ovarian factors. When a woman is in a statelative oestrogen
deficiency, the principal gonadotrophin secretedS¢1. As the ovary
responds to FSH secretion with oestradiol productioere is a negative
feedback to the pituitary gland to inhibit FSH stiom and facilitate LH
secretion (Beckmanet al., 1995).

LH and FSH act on the gonads to stimulate gametsieand hormone

synthesis.During the follicular phase, FSH and Likhglate oestrogen
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synthesis by the developing follicle. This initiafeeds back to the level of
the hypothalamus and possibly to the pituitaryntobit FSH and LH release
(de Swietet al., 2002).

FSH and LH have important actions on the ovaryntiaen effect of FSH is
to stimulate growth and development of Graafiatidiels, while LH acts to
cause ovulation. Ovarian steroid hormones are mexdithrough the actions
of FSH and LH. As the Graafian follicle enlargesreasing amounts of the
oestrogen, oestradiol, are produced. With the miadecsurge of LH,
ovulation occurs and the Graafian follicle is coned into a corpus luteum
from which mainly progesterone is secreted (WilloékNeilson, 1991).

A sophisticated system of feedback loops contr@ssequence of co-
ordination of endocrine events during the menstryeale. The increasing
amounts of oestradiol produced by the Graafiamcfelcause negative
feedback to the hypothalamus, inhibiting releasetdiRH, and therefore
also of FSH. As the levels of oestradiol continueige, however, a positive
feedback loop is triggered to the anterior pityitahich produces a surge in
FSH and, more importantly, a very large surge intbldause ovulation. As
the amounts of oestradiol and progesterone prodogéde fading corpus
luteum decrease, a production of FSH picks uptla@adext cycle

commences (Willocks & Neilson, 1991).
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In regard to LH secretion, the most striking evisrd spectacular and abrupt
rise in concentrations at the end of the follicydhase: the pre-ovulatory
surge.

Mean duration of the gonadotrophin surge is 48 siduirs estimated that
ovulation occurs about 18 hours after the LH peald6 hours after the
initiation of the LH surge (Feriat al., 1993).

FSH also rises at the end of the follicular phaspaat of the pre-ovulatory
gonadotrophin surge, but this increase is more stdtdan that for LH. Of
importance to FSH secretion is the slight but piggiically very significant
rise in FSH on the day(s) preceding or on the dagyemstruation. Peak FSH
values at this time are reached about 24 hoursratastrual flow has
started: the early follicular phase FSH rises. Thihe only time in the
menstrual cycle at which the FSH:LH ratio favougHHFerinet al.,1993).
Quantitative relationships between ovarian sterartts FSH release
determine the amounts of FSH released at the eting tmenstrual cycle.
Sub-normal FSH release or abnormal FSH:LH ratiogiduhe inter-
menstrual period may result in deficient follicugapowth, a delay in
ovulation, and/or deficiencies in the secretorydégtof the corpus luteum
(presumably because of decreased amount of tissulalae for

luteinization), decreased progesterone secretimifiadequate luteal phase
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syndrome), and potential adverse effects on théamgtion process (Ferin

etal., 1993).

2.3.6 Oestrogen and progesterone

Following ovulation, the corpus luteum continuesyathesise and release
oestrogens and progesterone. Their production pedhlys after ovulation
and thereafter declines unless conception and mtgdian occurs. Here the
developing embryo releases human chorionic gonagloitn (hCG) into the
maternal circulation which maintains corpus lutdumction (de Swiett

al., 2002).

Progesterone is predominantly produced by the sdigeum in the non-
pregnant female. Small amounts are produced bgldtaeloping follicle and

adrenals (Meyeset al., 1997).

2.3.6.1 Oestrogen

Properties of oestrogen (de Sweetl., 2002):

* Structure: Stimulates endometrial growth, mainteeasf vessel and skin,
reduces bone resorption, increases bone formatiogases uterine growth.
* Protein synthesis: Increases hepatic synthesimdiriy proteins.

» Coagulation: Increases circulating levels of fastbrVIl, 1X, X,

antithrombin Il and plasminogen, increases platatfhesiveness.
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* Lipid: Increases high-density lipoprotein (HDL) arstluces low-density
lipoprotein (LDL), increases triglycerides, reds ketone formation,
increases fat deposition.

* Fluid balance: Salt and water retention.

» Gastro—intestinal: Reduces bowel motility, incresadaolesterol in bile.

Although only minute amounts of oestrogen are sedrby the adrenal

cortex, it is responsible for most of the oestragiemmed outside the

ovaries. This is because it releases androsterediuth
dehydroepiandrosterone (DHEA) which are convereakstrogens by fat
cells, hair follicles, etc. Apart from the small aomts produced by the
adrenals, most oestrogens are synthesised bylth@tte corona radiata,
theca interna and corpus luteum. Some oestrogemmed from circulating
testosterone. The ovary produces two oestrogen®lgaoestradiol and

oestrone; the former is biologically more potenefidret al., 1997).

Functions of oestrogens include the (Mesteal., 1997):

1. Promotion of follicle development and ovulation.

2. étimulation of proliferation of the epithelial celbf the uterine tubes,
uterus an vagina.

3. Stimulation of protein synthesis, e.g. contragtileteins in the

myometrial muscle fibres of the uterus.
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4. Reduction of the membrane potential of the myoraktnuscle fibres
thus increasing their sensitivity to oxytocin andgtaglandin.

5. Stimulation of duct growth in the mammary glandd arvolved in
lactation.

6. Primary responsibility for the development of teenkle
characteristics.

7. Involvement in skeletal growth and the maintenasfdie structural

integrity of bones.

2.3.6.2 Progesterone
Properties of progesterone (de Svetedl., 2002):
» Structure: Enhances endometrial receptivity, mastenyometrial
guiescence, breast development.
* Respiration: Increases respiratory drive.
* Lipid: Reduces HDL and increases LDL.
* Fluid balance: Promotes sodium excretion.
» Bowel: Reduces bowel motility.
* Metabolism: Increases body temperature.

The most important function of progesterone isrgilation of endometrial
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receptivity (de Swiegt al). Other functions of progesterone are that it

(Meyeret al., 1997):

1. Stimulates the secretory activity of therune tubes, uterus and
vagina.

2. Is responsible for the pregestational changelsarehdometrium, and
together with oestrogen is responsible for theicyatianges that
occur in the cervix and the vagina.

3. Increases the membrane potential of the myomeinigicle fibres,
thus decreasing their sensitivity and excitabtityoxytocin and
prostaglandin. This explains why progesterone theimsometimes
so effective in threatening abortion.

4. Prevents ovulation when present in large amounts.

5. Decreases the number of oestrogen receptors enth@metrial

muscle fibres.
6. Promotes protein anabolism.
7. Is responsible for a rise in body tempemat the time of ovulation.

8. Stimulates alveolar formation in the breasts dupgregnancy.

9. Stimulates respiration.

10. Antagonises the action of aldosterone on the kidne
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Oestradiol and progesterone also act on the endioimet the lining tissue
of the uterine cavity. Oestradiol stimulates growtlall elements of the
endometrium,

Under the influence of progesterone from the cotptezim during the
second half of the cycle, the endometrium is caiedefrom a proliferative
pattern to a secretory pattern, as the endomegtaalls become tortuous and
convoluted.

As progesterone and oestradiol levels fall tow#ndsend of the cycle, the
endometrium can no longer be sustained, so it Brepkand is cast off in the
process of menstruation (Willocks & Neilson).

Oestradiol secretion remains low during the eanllycular phase period, but
increases 1week prior to the mid-cycle gonadotmoghrge ; first at a slow,
then at a very rapid, quasi-exponential rate tohreapeak at the time of the
onset of the LH surge: the late follicular phasstialiol peak. Within a few
hours after the initiation of the mid-cycle gonadphin surge, oestradiol
concentrations fall abruptly. They rise again wita appearance of the
corpus luteum. Progesterone secretion remainsnifisignt throughout the
follicular phase, rises suddenly and modestly ali@uttours prior to the
onset of the LH surge, then remains at a plateaaldout 12 hours: the pre-

ovulatory progesterone rise. Progesterone risas &@gahours after the onset
46



of the LH surge.

During the luteal phase, levels of both progestemd oestradiol rise, to
reach a maximum about six to nine days after thteayicle gonadotrophin
surge: the luteal phase oestradiol and progesteexretory curve (Feriet

al., 1993).

2.3.7 Testosterone

Nearly all circulating testosterone is bound to &H&nhd albumin, with free
testosterone being the most biologically activeniowwhen elevated insulin
levels are present, SHBG levels decrease whiletéstesterone levels
increase (Hunter & Carek, 2003).

The greater the body mass index, the higher thiestesone levels, and
therefore hirsutism is more common in overweiglthamatory women
(Speroff et al., 1999).

Hirsutism is defined as the presence of excessivaimal hair in
androgendependent areas of a woman’s body (Hun@aur&k, 2003).
Alopecia and acne are also consequences of hypegardsm (Sperofét

al., 1999).
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2.4 Infertility
Infertility is defined as one year of attempted @gption without success

(Smithet al., 2003).

2.4.1 A concept of infertility

The desire to reproduce is an intensely motivatungnan force. Because of
its personal nature, couples may also experiemoagsteligious, cultural
and societal pressures to conceive. Therefore uihderstandable that
people experiencing infertility often perceive staserious life crisis.
Societal and parental pressures for propagatioineofamily name can place
a psychological burden on the infertile couple.sid¢entral role of
reproduction in the human experience has contribgteatly to the desire of
couples to overcome infertility. Childbearing isiamportant aspect of most
marriages. For most couples, the conception asdchgaof children are the
expected outcomes of their sexual relationshipsdmoe extent, it has led to
the rapid evolution of technologic advances irredpctive biology. The
physical, psychological and financial challengeasdisted reproductive
technology may further impact the couple (Momrgal., 2004; Seibel).
Fertility in both men and women is at its maximunthe mid-twenties and,
in women, declines after the age of 30 years (\&kio& Neilson, 1991).
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The fertility of a marriage is a sum of the fetids of the two partners. Low
fertility in one can to some extent be balancedhigf fertility in the other,
whereas low fertility in both partners may resalinfertility. This explains
why some couples fail to reproduce, yet when tlegpaste and each takes a
new mate, they both proceed to have children (Tintia87).

Primary infertility is the term used to describesk couples who have never
achieved a pregnancy, whereas secondary inferdiéifynes patients who
have previously achieved a pregnancy of any typedamation (DeCherney,

1990).

2.4.2 Causes of infertility

The number of infertile couples seems to be in@ngdsecause many
couples postponed the start of a family. Delayiregpancy decreases the
number and quality of available eggs and allowseatgr length of time for
women to develop unwanted sequelae of conditioals aa endometriosis,
uterine fibroids, and pelvic inflammatory diseaB)) (Brughet al., 2002).
In sub-Saharan Africa sexually transmitted diseéS&®s) most often
implicated in infertility are gonorrhoea, chlamy@iad syphilis. These
STD'’s either prevent conception by scarring thédpan tubes as a result

of PID, or in the case of syphilis, by causing &ébss through spontaneous
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abortion or stillbirth. Although there are causéséertility in addition to
STDs, epidemiologists agree that it is the trassion of STDs and the
lack of treatment for these diseases that explafegtility in sub-Saharan
women (Ericksen&Brunette, 1996).

In any series of infertile marriages, the main@egical factor is found in
the female more often than in the male (TindalB9)9 In a retrospective
study undertaken by Popptal. (2002), female origin was diagnosed in
45% of the couples with specific causes includindametriosis (11%),
tubal disease (30%), and ovarian dysfunction (5®@#)er variables
contributing to infertility include age, history eéxually transmitted
diseases, education, income level and parity (Geealn, 2001).

Cigarette smoking has been demonstrated in mukipléies to impair
fertility potential in a dose-dependent mannerathbmen and women.
Smoking has adverse effects on tubal function, lbaahsecretion and
cervical mucus production. An association betwagh hlcohol intake and
an increased risk of infertility has been foundcakol ingestion has also
been shown to cause a decrease in gonadotropleils lvd irregularities in
ovulation (Brughet al., 2002; Eggerét al., 2004).

Clinical syndromes in females which may be assediatith infertility

include (Priest,1985):
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» Tubal spasm and hypogonadism

» Spontaneous abortion

» Hyperemesis and psychological vomiting
* Pre-eclamptic toxaemia

* Amenorrhoea and anovulation

e Anorexia nervosa

2.4.3 Infertility in Africa

The prevalence of infertility across sub-Saharamcafhas received scant
attention in population research despite the weadivkn linkage between
infertility, sexually transmitted diseases (STDs)l ather reproductive tract
infections. There is also mounting epidemiologicewce that African
women have the highest rates of disease inducedility in the world
(Ericksen & Brunette, 1996).

2.4.3.1 Infertility in black African women

The problem of infertility in sub-Saharan Africash@ceived little attention
from researchers. It is obscured by the regiorgs ertility rates, which
give rise to a global climate of concern over patah growth and high
fertility that is not conducive to the perceptidnrdertility as a real problem

(Hollos, 2003).
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The incidence of infertility is estimated to vargrin 10 — 20%, but it
appears to be rising.Currently there is an incrgpawareness of infertility
in Africa as a serious social and public healthopgm. This increase in
public awareness, as well as the availability aiaps of infertility services,
might be the contributing factor to the apparentease in prevalence
(Chigumadzet al., 1998; Hollos, 2003).

In a continent where marriage is almost univeiamadl the purpose of
marriage is children, infertility is often viewed a major tragedy (Dyer,
2002). Loss of self-esteem, anxiety and depreshigpelessness, guilt and
marital difficulties are all recognised consequanakinfertility. As the
desire to have children has been said to be amtmgstrongest emotions
that people experience, it is not surprising thértility has been considered
life’s worst experience by those who suffer fronfOyeret al., 2002a).
Infertility is recognised as a major cause of doeand spousal
abandonment throughout the continent. (Datexd., 2002a). In Nigeria,
fertility from the men’s point of view means thatditional offspring adds to
the power and prestige of their sub- lineage oilfaRrestige is determined
by the number of adult male followers a man carehav

Economically in Nigeria, children are importantastablishing claims to

landholdings in the community, in competition witther sub- lineages, as
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with many other cultures in Africa (Hollos, 2003).

Women in Africa are particularly affected by thifertile status. Their
social status and security usually depends directlfertility. Those who
cannot reproduce are at a substantial risk of dejastigmatization, socio-
economic deprivation and abuse (Dyer, 2002). Fangle, infertile women
in Mozambique are excluded from important soci@mds and ceremonies.
In Gambia, childless women have very few rightsteerit property from
their husbands (Dyest al., 2002a). With children, a woman’s prestige and
value is assured and increased with each additeimial. A woman is
considered to be an unfortunate being if she eriité. Not only is she
thought to be disadvantage economically, but hiédlelssness also prevents
her from attaining full adult womanhood (Hollos,0&). In a study carried
out at a hospital in Durban, South Africa, womemiraked to frequently
suffer abuse from their husband’s family, and thesl of abuse was deemed
enough to push a woman to suicide (Dgtead., 2002b).

It is a fair assumption that the cost of assisgtaduction in most African
countries is not covered by public health careromape insurance
companies. In this context, cost becomes a criteebr, and any further
increase may further limit access to treatment.

This is in line with the findings of a study cadieut in the United States,
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where it was found that users of infertility seesavere more likely than
non-users to be white and to have higher incomias. flirther complicates
the matter of infertile black women seeking treatmedue to the costs which

they may not be able to afford (Dyer, 2002; Gretead., 2001).

2.5 Anovulation

The causes of anovulation can be divided into tategories. One category
occurs as a result of hypothalamic-pituitary dystion. Hypothalamic-
pituitary dysfunction resulting in hypogonadotraphiypogonadism is
characterised by a selective failure of the pityigdand to produce LH and
FSH. In addition to this, women with a low body masdex (BMI) [weight
(kg)/ height (m?)] (for example < 20kg/m?), may d®p amenorrhoea
because of a physiological reduction in the hypath& production of
gonadotrophin-releasing hormone (Hamilton-Fairley &ylor, 2003).

The second category of anovulation has ovarianesauss this category,
polycystic ovarian syndrome is the most common eadgnovulatory
infertility. The primary abnormality is the excemsdrogen production
within the ovary that leads to the recruitmentasfje numbers of small pre-
ovulatory follicles. The androgen fails to respaachormal concentrations
of FSH (Hamilton-Fairley & Taylor, 2003).

54



Ovulation can be affected by means of a multitudactors. The three most
common ones are (Seibell, 1997):

(1) Excessive weight loss or weight gain;

(2)excessive exercise; and

(3)extreme emotional stress.
Twenty per cent above or below ideal body weighy ieféect ovulation.
Also, it must be remembered that obese people mgydiein deficient and
thin people may be eating quite well. The relatiopdetween excess body
fat and ovulatory disturbances appears strongexddy-onset obesity
(Seibell, 1997).
Obese women develop menstrual disorders which are often
anovulation than amenorrhoea. Obese women havecasenumber of fat
cells in which extraglandular aromatization of ag#ns to oestrogens
occurs. They also have lower circulating levelSBIBG, which allows a
larger proportion of free androgens to be conveidenkstrone.
The decrease in SHBG allows an increase in freeoged levels, which
initially are removed by an increased rate of meliatzlearance. This
compensatory mechanism diminishes over time, arsditésm can develop

(Scherzer & McClamrock, 1996).
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As a woman ages, the ovarian follicles diminishumber and become less
sensitive to FSH. The process of ovulation becam@gasingly inefficient,
less regular, and less predictable than in earéiars. A woman will begin to
notice changes in her reproductive cycle at aragal38 to 42. Initially, she
will notice a shortening of the cycle length. Wititsreasing inefficiency of
the reproductive cycle, the follicular phase shwsidut the luteal phase is
maintained at normal length. With the passingmktisome cycles become
anovulatory, so that the frequency of ovulationrdases (Seibell,1997).
Another common cause of anovulation in women ishgmlactinaemia. It
is caused by a pituitary micro-adenoma. This ldéadsreduction in the
production of pituitary luiteinizing hormone andl$Scherzer &

McClamrock, 1996; Hamilton-Fairley & Taylor, 2003).

2.6 Amenorrhoea

Recent observations have clearly demonstratedvide the hypothalamic
pituitary ovarian axis is capable of maintainingulatory cyclicity on its
own, multiple endogenous or environmental influencay impinge on the
normal activity of the pulse generator, usuallylécrease GnRH pulse
frequency and thereby induce cyclic dysfunctioneSéhconditions are
usually diagnosed as hypothalamic amenorrhoea.
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Frequent causes of hypothalamic amenorrhoea atedelo exercise, diet or
stress (Ferimt al., 1993).

Hypothalamic amenorrhoea is characterised by amenes,
Hypo-oestrogenism, low or normal serum gonadotmgiand a broad
spectrum of abnormal patterns of hypothalamic GrsRétetion (Perkingt
al., 2001).

Evidence indicates that psychological, metabohcl/ar nutritional stress

could be the basis of hypothalamic amenorrhoeariémét al., 2002).

2.7 Overweight and obesity

An early reference to the influence of obesity anstruation can be found
in the writings of Hippocrates. In an essay onShkgthians, which appears
under the heading the influence of climate, watply and situation on
health’, their reproductive function is describadhe following terms: “The
girls get amazingly flabby and podgy... People ofiscanstitution cannot
be prolific... fatness and flabbiness are to blante Womb is unable to
receive the semen and they menstruate infrequanthittle”. The ‘control
subjects’ are the serving wenches: “As good prédhe sort of physical
characteristics that are favourable to conceptionsider the case of serving
wenches. No sooner do they have intercourse withmathan they become

57



pregnant, on account of their sturdy physique &ei teanness of flesh”
(Frankset al., 1996).

Obesity in women is associated with a number oatieg health
consequences. In the western world, a body masx (M) > 25 kg/m?
has been associated with poor education, low incGmddow socio-
economic status. An increased prevalence of matathskeases such as
diabetes mellitus, gall bladder disease, atherasgile myocardial infarction
and stroke, has also been observed in obese indigidas well as negative
psycho-social attitudes from other persons (Véaak, 1997). Recently,
visceral fat accumulation, rather than the totabam of subcutaneous fat,
has been shown to be associated with impaired ggutaterance and lipid
metabolism. Upper body obesity (or android obeskigs been identified as
an independent risk factor for stroke, CHD and hiégaboth men and
women (Kruger, 1999).

2.7.1 Impact of obesity on fertility

Obesity produces a variety of alterations in thraductive system in
humans (Lashed al., 1999). Obesity affects ovulation, the response to
fertility treatment, pregnancy ratead outcome. The fertility of obese
women is lower than that of normal weight womenatural cycles and in-

vitro fertilisation programmes (Clast al., 1995; Clarket al.,1998).
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According to Reid & van Vugt (1987), one of thesfiattempts to document
the relationship between obesity and menstrualuthgsion was presented in
1952.

Researchers found a higher incidence of obesiyoimen with
amenorrhoea than they did in the population of mbreycling control
subjects with normal cycles. Lashetral.1999) reported on a study where
obese women with amenorrhoea resumed their mentdeseight

reduction alone. Most cases of amenorrhoea in wategalop shortly after
a period of weight gain (Reid & van Vugt, 1987).

Today a BMI of >27 kg/m? is considered to be adacif decreased fertility.
The ovaries of obese women have increased cagsrdanisation, and
increased numbers of atypical or atretic folliql€sosignani, 2002; Glass
al., 1981).

The distribution of body fat is clearly relatedindertility. The adverse
health implications of obesity are significant. 38 evidenced in the many
associations with different reproductive hormorassyell as its effect on
the menstrual cycle. Therefore, all obese patieatmrdless of their
menstrual function or fertility, should be encowrddo participate in some

form of structured weight control programme (Reidd& Vugt, 1987).
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2.7.2 Endocrine abnormalities

As previously stated, obesity affects the resultenility therapy (Maelli &
Grazi, 2002). Obesity is associated with hormoimstudoances, decreased
sex hormone binding globulin, elevated serum odsifand elevated levels
of androgens (Chong al., 1986).

Obese anovulatory women show higher concentrabbosstrone and/or
free oestrone than do either ovulatory obese wamn@vomen with normal
weight.The fact that adipose tissue can act asraidtreservoir and a site of
peripheral conversion of androgens to oestrogandaccount for the
greater oestrogen concentrations in obese womernrthamen of normal
weight.

However, this does not explain the differencesroutating oestrogen
concentrations between weight-matched anovulatodyoxulatory obese
women. Weight loss is not accompanied by a fatlearum oestrone
concentrations, as one might expect with a rednatiadipose tissue.
Mobilisation of steroids from the sizeable fattisseservoir could be one
explanation (Reid & van Vugt, 1987).

Oestrogen augments the release of LH and inhitgtselease of FSH, thus
leading to an increased LH/FSH ratio. The elevatddevel in turn

stimulates androgen secretionthgca cells of the ovary, providing the
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precursors for continued oestrogen production ipas® tissue. This vicious
cycle results in simultaneous occurrence of hypin@genism and
hyperoestrogenism. Long term acyclic oestrogen sxgomay lead to
excessive endometrial growth, resulting initiathyaligomenorrhoea
interspersed with episodes of menorrhagia. In seomaen this ultimately
leads to the development of endometrial hyperplasadenocarcinoma
(Reid & van Vugt, 1987).

Basal serum LH and FSH are normal in obesity, baturnal LH secretion
is decreased. Serum FSH or serum LH might be edldvatobese women. In
subjects with gonadal dysgenesis, there is an seveorrelation between 24-
hour intergrated serum LH levels and total bodyewsat body weight, a
ratio that is inversely related to the percentagsody fat. The pre-ovulatory
serum FSH rise is sub-normal in obese pre-pubgitalthan in girls of
normal weight. Data suggest that amenorrhoea isitghie not due to
primary ovarian failure, which should be associatgti elevated serum LH
and FSH, but rather to some hypothalamic-pituitdrgormality (Glasst

al., 1981)

i—lyperandrogenism may be aetiologically relatedmtemorrhoea in obesity.
Amenorrhoeic subjects have elevated free andragesid, while obese

eumenorrhoeic subjects do not. Therefore, hypeogeaism is associated
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with the amenorrhoea of obesity. The hyperandr@yems not secondary to
the amenorrhoea, because amenorrhoeic subjectsrofhweight do not
have elevated free androgen levels. The conveddiandrostenedione to
oestrone is increased in obese women. This enhaoceersion of
androgens to oestrogens may be carried out indipese tissue itself, since
fat in vitro can convert androstenedione to oegtfamd testosterone to
oestradiol.
Obese women often have menstrual cycles with insmteqrogesterone
production during the luteal phase; a change tlagt account for decreased
fertility (Glasset al.,1981).
2.7.3 Obesity and spontaneous ovulation
Obesity is associated with three alterations thiatriere with normal
ovulation, and weight loss improves all three. They (Speroftt al.,
1999):
(1)increased peripheral aromatisation of androgengs$trogens;
(2)decreased levels of SHBG resulting in increaseel$enf free
oestradiol and testosterone ; and
(3)increased insulin levels that can stimulate ovasiammal tissue
production of androgens.

Excessive visceral body fat is associated withlingesistance,
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hyperinsulinaemia and high insulin-like growth fact | (IGF — 1)
bioactivity as a result of a decreased concentratfonsulin- like growth
factor binding protein -1 (IGFBP — 1). IGF — | isensitizing factor that
enhances the ability of granulosa cells in sméaleahifollicles to respond to
FSH facilitating the induction of LH receptors.the thecal cells, both
insulin and IGF-I stimulate ovarian androgen systhelherefore, insulin
and IGFs are important intra-ovarian regulatorsl, systemic or local
disturbances may result in alterations of spontas@wulation (Galtier-
Dereurest al., 1997).

In addition to this direct role on ovarian functjdrody fat appears to be
strongly related to the activity of the hypothalapituitary axis. Excessive
weight particularly influences the concentratiorLbf, which is probably
the key hormone in the relationship between repron and metabolism.
Obesity is associated with excessive LH conceptnatiand it has been
shown that a high concentration of LH results loveer chance of
conception (Galtier-Dereuset al., 1997).

The mechanisms by which nutritional status infllesnlkypothalamic
activity are poorly understood. The aromatizingclion of adipose tissue is
possibly a means by which obesity impairs gonagdirosecretion. As

hyperinsulinaemia decreases SHBG concentratiorsitylis associated
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with high concentrations of unbound androgens.

Excessive bioavailability and aromatising of andnuggenerates increased
oestrone concentrations, which in turn triggensain LH secretion. LH
subsequently stimulates the production of ovarradr@gens, thus enhancing
substrate availability for the aromatising systésaltier-Dereurest al.,

1997).

2.8 Polycystic Ovarian Syndrome (PCOS)

The basic pathophysiologic defect in polycysticrewasyndrome (PCOS) is
not known (Guzick, 2004). The consequences of P{©€8de infertility,
diabetes, abnormal uterine bleeding, hirsustisopeadia, acne, increased

risk of endometrial cancer and cardiovascular disea

2.8.1 Definition

According to Slowey (2001), the definition of PCO&s three requirements.
First is the presence of an ovulatory disordersThay range from oligo-
ovulation to anovulation with amenorrhoea. The sddeature of PCOS is
evidence of androgen excess, either clinical daboratory testing. Finally,
other sources of anovulation and hyperandrogenisst be ruled out. These
sources include hyperprolactinaemia, hypothyroidiste-onset congenital
adrenal hyperplasia, Cushing’s syndrome, or ancayah-secreting tumour.
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In the United States, women are defined to havgcystic ovarian
syndrome if they have chronic anovulation and ewa of androgen excess
(Guzick, 2004).

Women with PCOS are seen primarily for menstruabularity, androgen
excess, and infertility. Women with chronic anovigla and
hyperandrogenism have been observed to have aeasent prevalence of
diabetes and increased risk factors for CHD. Manynen with PCOS are
similar to those with metabolic cardiovascular sypmae(i.e.Syndrome X), a
CHD-associated clustering within the same indivisdidyperinsulinaemia,
glucose intolerance, dyslipidaemia and hypertendibe chronic
anovulation of polycystic ovarian syndrome implig®pposed oestrogen

and, therefore, an increased risk of endometriatea(Guzick, 2004).

2.8.2 Pathophysiology

Although the fundamental pathophysiologic defed®@OS is unknown,
these women have several interrelated charactsiigticluding insulin
resistance, hyperandrogenism, and altered gongudiotrdynamics. It is
well known that obesity is associated with insuégsistance. Because
women with PCOS are often obese, it is not surgyihhat they would have

some element of insulin resistance. The extemflin resistance among
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women with polycystic ovarian syndrome cannot Xx@ained entirely by
obesity (Guzick, 2004).

There is a strong correlation between insulin tasse and
hyperandrogenism. Evidence would suggest thatitketin of causation is
from insulin to androgen, and not the reverse. Wdigss and insulin
sensitisers, which also lead to a reduction inlinsaimilarly are associated
with a reduction in androgens, particularly testoste and androstenedione
(Guzick, 2004).

Another key pathophysiologic feature of PCOS isralti gonadotrophin-
releasing hormone dynamics. Both lean and obeseswawith polycystic
ovarian syndrome have increased LH pulse frequandyamplitude.
Because androgen productionthgca cells is LH dependent, it would seem
to follow that the elevated levels of LH seen inmem with PCOS are
responsible for the excess androgen productioni¢&uz004).

Although increased androgen production in womeh WIEOS is
augmented by increased LH and is associated wiludation, it can be
argued that the proximate cause of the anovulatiay be insufficient FSH.
Follicles in the ovaries of women with PCOS do matture fully, and the
granulosa cells in these arrested follicles areifomumber and in aromatase
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activity. Therefore, oestradiol production by thé&slécles is limited

(Guzick, 2004).

Absolute concentrations of FSH above a specifiegktiold are essential for
both the initiation of pre-ovulatory follicle dexgiment, as well as the
selection of a single preovulatory follicle. In tbase of PCOS, the
concentration of FSH may simply not rise abovelegeen in the mid-
follicular range of the normal menstrual cycle, @hhare insufficient to

stimulate pre-ovulatory follicle development (Guzi2004).

2.9 Underweight

Underweight is a far less prevalent problem thaeneeight. Whether the
underweight person needs to gain weight is a quesfi health and, like
weight loss, it is highly an individual matter. P&who are healthy at their
present weight do not need to loose any weights&twho are thin because
of malnourishment or iliness, however, might berfeéim a diet that
supports weight gain (Whitney & Rolfes, 2002)

Changes in the attitudes and practices of westariety have led to a
striking increase in the prevalence of this probterar the past decade.
Widespread promotion of health and fithess hasdete participation in
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sporting activities by unprecedented numbers of emat all competitive
levels (Borini & Asch, 1993).

2.9.1 Low body weight

Low body weight can be caused by an intake ingeffilcin quantity to meet
activity needs; excessive activity, such as inddee of compulsive athletes
in training; poor absorption and utilisation of (boonsumed; a wasting
disease, such as cancer or hyperthyroidism, tbeg¢ases the metabolic rate
and energy needs, and psychological or emotioreds(Laquatra, 2004).
Aversion to fatness is not unique to athletes: @restociety has become
preoccupied with the concept that thinness andessogo hand-in-hand.
Current fashions and television marketing lenditigression that the thin
woman is more likely to succeed in all walks o¢Jifanging from finding a
mate to entering the professional or business wbltd surprisingly, there
has been a striking increase in the incidence pbtialamic amenorrhoea
and anorexia nervosa in today’s women. The faatdiigencing menstrual
function in these circumstances may be complexaaadarely the sole
consequence of changes in body weight. Rathermiuevidence suggests
that a combination of physical, psychological, anttritional stresses may
act additively in the determination of the timinigtiee onset and rate of
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pubertal progression, menstrual function, andligr(Reid & van Vugt).

The mechanism of the adverse influence of undatiwmtion ovarian

function is reasonably well understood. This igt llksstrated, in women, by
the phenomenon of weight loss-related amenorrhoeeghich there is a
characteristic disturbance of the hypothalamic mdmtf gonadotrophins by
GnRH. In most cases there is a cessation in tkaselof the gonadotrophins
and this is accompanied by decreased pituitangstof the hormone
(Frankset al., 1996; Feriret al., 1993). Marked weight loss with physical or
psychological stress will disrupt hypothalamic gtiowwormone (GnRH)
production, leading initially to subtle endocrinanarmalities, such as luteal
phase defects, and ultimately, to oligoamenorrioweanenorrhoea. The
degree of hypothalamic dysfunction in such circiamees appears to be, in
part, linked to the percentage of body fat rathantbody weight. Alongside
the hypothalamic disturbances, the serum oestréliels also fall and there
Is a reduction in plasma prolactin, together watss| of the nocturnal
prolactin rise (Reid & van Vugt 1987).

2.9.2 Anorexia nervosa and bulimia nervosa

Functional disorders of the hypothalamus are thst fmequently
encountered hypothalamic disorders in clinical ficac The most extreme

weight-related functional disorder of the hypotinals is anorexia nervosa.
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This disorder occurs primarily among adolescentevf@males from middle
to upper social class backgrounds, and occurs fregaently in women
than in men (Bates, 1992).

Anorexia nervosa is a disease characterised bgakfo maintain a
minimally normal body weight, intense fear of gaimpweight, body image
distortion and amenorrhoea in postmenarcheal femHles a condition
characterised by voluntary self-starvation and eatian. Weight loss is
viewed as a sign of extraordinary achievement atfdiscipline
(Schebendach & Reichert-Anderson, 2004).

Bulimia nervosa, on the other hand, is characteédiserepeated episodes of
binge eating followed by inappropriate compensatoeghods such as
purging, including self-induced vomiting or misusfdaxatives, diuretics, or
enemas; or nonpurging, including fasting or enggginexcessive exercise
(Schebendach & Reichert-Anderson, 2004).

Anorexia nervosa profoundly affects neuroendociumetion. The 24-hour
secretion of gonadotrophins reverts to a pubeg#ém in anorectic women,
and does not return to an adult pattern until wieigheturned to normal. Sex
steroid hormone secretion, associated with decdeg@@adotrophin
secretion, reverts to a pre-pubertal state, thusdenreng these women child-

like from the viewpoint of reproductive physiology.a study reported by
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Bates (1992), in women weighing between 53% and 6#Rteal body
weight (IBW), the LH response was impaired, while ESH response was
equal to that observed in normally menstruating @onin the weight range
of 79% to 88% of IBW, the LH response improved lmmained less than
that in normal women.

In women who regained to within 90% — 94% of IBWe LH response was
greater than or equal to that found in normal woiiiates, 1992).

Weight loss of approximately 10% of body weightLigear can cause
amenorrhoea, regardless of premorbid weight. Thecstion of
amenorrhoea with anorexia nervosa is well estadtisMenstrual
disturbances often begin prior to significant weilgiss and persist after
recovery to normal weight (Perkiesal., 2001).

In patients with bulimia nervosa, menstrual irregities are high. One
might predict difficulties achieving pregnancy f@eomen with bulimia
nervosa on the basis of lower levels of LH or saeradpikes in LH levels.
Abnormal LH secretion may be related to currenglvethat is less than
85% of the highest life time weight, rather thamrent low body weight

(Crowet al., 2002).
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CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 STUDY AREA
Zaria is located at longitude 4.2667 and latituti2% . The traditional city
has an estimated population of 170,000 people gpat£ommunication
with department of health Zaria LGA) The major ethgroups are Hausa
and Fulani. Others are Yoruba, Igbo, Ebira, Idolgala, and Tiv.
The Hausa and Fulani are two distinct tribes wirthilar cultural-religious
practices. Inter marriage between these tribesreauite frequently
especially in urban areas of Northern Nigeria.laces like Zaria it is
difficult to come across an individuals who canroléo be a pure breed of
any of the two major ethnic groups. The term Haagkani has therefore
been unofficially adopted.The major occupation afiZ people include
farming, civil service and trading.
Social amenities available in Zaria includes priymsghools, post primary
institutions, tertiary institutions, primary heatthre centres, secondary
health care centres and tertiary health care cerKieduna state water board
supplies Zaria with water. The people of Zaria grgpileptic power supply
from Power Holding Company of Nigeria (PHCN). Thexan accessible
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tarred road which links Zaria to major towns likes J Kaduna, Funtua,

Sokoto and Katsina.

3.2 SAMPLE SIZE DETERMINATION
The sample size for the study was determined fratamdard formula for

the calculation of minimum sample size (Oyejide92;9Singha, 1996)

(Z-&)Xp) (1-p)

(d) Where; n =

minimum sample size; Z-a = the value of standamhabdeviation

which at 95%confidence level has been found to.86; = the best
estimate of the population prevalence obtained ftugrabove literature
review. d = the difference between the true popriatate and sample that
can be tolerated, that is the absolute precisiquired(in percentage point)
on either side of the population. In this case t@ken to be =0.05.

Ory (1990) reported a prevalence of 10-25% endearause of female
infertility in Africa.

Therefore using 10%, as the prevalence (p) theinmim sample size n was

calculated as follows.
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(1.96) (0.1) (1-0.1)
(0.05)

3.8x0.1x 0.9
= = 114
0.003

The calculated minimum sample size was 114 ptsi
10% attrition rate was added to account fédiout.

Which implies 114x10/100 =11.4
=114 + 11.4 =125.4 paitse

Therefore, 125 infertile women would be recruitedthe study.
Due to lack of client’s compliance among the colnggroups 120 infertile

women and 60 fertile women (controls ) were reediior the study.

3.3 INFORMED CONSENT.
Fully informed consent for inclusion into the stualgs obtained from each

patient and control.

3.4 ETHICAL CONSIDERATIONS
Ethical approval was obtained from ethical andrgdie committee of the
ABUTH, Zaria in accordance with the declaratiorHa&fisniki.

This is code of ethics on Human experimentatiorfiteldsby the World
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Medical Association in Helsniki in 1964, as updatgdhe General

Assembly in Tokyo 2004.

3.5 STUDY POPULATION:

The study was conducted at Ahmadu Bello UniverBeggching Hospital,
Zaria, Northern Nigeria. A total of 180 female sdig were recruited for
this study. This consisted of 120 infertile wonaemd 60 apparently
healthy fertile women of reproductive age as (cahtr

The target population were adult females who weitbeir reproductive age
of 19-45yr attending infertility clinic of ABUTH, @ria and apparently
healthy fertile subjects (control group) from fhepulation of staff and

students of ABUTH, Zaria who were married and hgwhildren.

3.6 INCLUSION CRITERIA:

Patients aged between 16 and 45yr of age presdntihg above mentioned
clinics with complaints of inability to conceivetaf one year despite
regular and unprotected sexual intercourse wetaderd in the study.
Apparently healthy subjects who were married andngachildren were

included in the study.
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3.7 EXCLUSION CRITERIA:

Subjects who were below 16 but not married and ald®yr were excluded
from this study. All infertile women who were cuntyy on hormonal
therapy for the treatment of their infertility veeexcluded.

All subjects who declined to give consent for irsotun were also excluded
from the study. All pregnant and lactating womenevexcluded from the
study. All control groups who were using hormomgéctable or oral
contraceptives were excluded from the study. aiitool groups whose

years of last child birth were more than five weaere excluded.

3.8 Operational definitions
The following operational definitions are definamtarding to their uses in

this study.

3.8.1 Anthropometric measurements

Anthropometry is the measurement of body size, itend proportions.
Anthropometric measures can be used to evaluatiéion#l status, whether
it be obesity caused by over- nutrition, or emaaratesulting from protein-
energy malnutrition (Lee & Nieman, 2003). Anthropeint measurements
in this study include the measurement of the weiggight and body mass

index (BMI).
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3.8.2 Body mass index

Body mass index (BMI) is derived mathematicallynfrthe height and
weight measures.

BMI = weight (kg) / Height (m?)

BMI values correlate significantly with body fatisesnd obesity, and
experts use them to help evaluate a person’s hesltthassociated with
underweight (Whitnet al., 2002).

BMI can be categorized as follows according towidO (Laquatra, 2004):
Underweight < 18.5 kg/m?2

Normal 18.5 — 24.9 kg/m?

Overweight 25.0 — 29.9 kg/m?

Obese class I(mild) 30.0 — 34.9 kg/m?

Obese class Il (moderate) 35.0 — 39.9 kg/m?

Obese class Ill (severe) > 40 kg/m

3.8.3 Biochemical parameters

The following biochemical measurements were taked,the following cut-
off points are given for women with normal menstiora (Department of
Chemical Pathology, Ahmadu Bello University Teachkitospital, Zaria).
1.Serum progesterone refers to fasting serum pr@@eg concentration.

Serum progesterone concentration values for a Hamaastruating female
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is 3.0- 32.0 ng/ml.

2. Serum LH refers to the serum LH concentratiomiiy normal
menstruation the reference range for LH is : 228 -5mIU/ml.

3. Serum FSH refers to the concentration of serum FE&um FSH
concentrations for normally menstruating womer6:-336.2miU/ml.
4. Serum prolactin refers to the serum prolactimcentration. Serum
Prolactin concentrations for non-pregnant wome#:22.0ng/ml.
5.Serum oestradiol refers to the serum oestradint@ntration. During

normal menstruation the reference range is: 10p&l.

3.9. SAMPLING TECHNIQUES

At the location of the infertility clinic of ABUTHZaria arrangements were
made with the consultant in-charge where by cansecsubjects who
satisfied the study inclusion criteria were selécte

A full medical history was obtained from the sédecsubjects using a self
administered questionnaires. This was followedalbycal examinations,
anthropometric measurements and collection ofbkpecimens. All

findings were documented using a standard format.
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3.9.1 ANTHROPOMETRIC MEASUREMENTS

All measurements were taken using standardised equipmen
3.9.1.1IEQUIPMENT

1. STADIOMETER

Height was measured using a stadiometer to thesigdulcm. A
stadiometer is a measuring stick attached to &aéretal board with a
movable horizontal head board. The stadiometenu@asure up to two

meters (Heymfield, 2002).

2 WEIGHING SCALE:
A platform weighing scale was used to measure ubgsts weight to the

nearest 0.1kg.(Lee and Nieman,2003).
3.9.1.2 MEASURING PROCEDURES

Anthropometric measurements were carried out acuptd Standardised
methods and techniques (Lee and Nieman, 2003).

WEIGHT

The weighing scale was placed on a hard surfaeagore accurate
reading. The scale was adjusted to zero beforsubject stands on it,
wearing minimal clothing and no shoes. The sumed instructed to stand

still with
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weight evenly distributed on both feet while thedieg was taken to the

nearest 0.1kg.

HEIGHT

Height was measured with the subject standing evigletweight equally
distributed on both feet with heels together aatidh the floor. The subject
looked straight ahead with the off vision perpentdir to the body. The
patient was asked to inhale and the horizontal beadd was moved down
firmly on top of the head and the reading taketh&nearest 0.1cm

(Hemsfieldet al, 1999).

3.9.2 BLOOD COLLECTION AND PROCESSING

About 10ml of blood specimen was collected fropeapheral vein
(antecubital venepunture). In this case, the abitalfossa was cleaned
with methylated spirit and allowed to dry. A tougnet was then applied a
few centimeters above the antecubital fossa tacti#fte veins. Blood was
taken with sterile 10ml syringe and 21G needlesTims transferred into a
plain bottle and allowed to clot in about 30minwhls centrifuged for
5minutes at 3,000 revolutions per minute. The senas separated from

the cells and transferred to (sample) bottle ard gtored frozen at -20

degree celcius until the time for analysis.
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3.10HORMONAL ASSAYS
Enzyme Linked Immunosorbent Assay ( ELISA) micrdweéthod was
used for the quantitative determination of the sepunogesterone, prolactin,

FSH, LH and oestradiol.

3.10.1 LABORATORY MATERIALS
3.10.1.1Equipment
1. Precision micro pipette 25micrL and 50micrL capaci
2. Microwell reader capable of reading absorbates0nm.
3. microwell holder.
4. Device for washing microwells.
5. 37 degree thermostat (incubation chamber).
6. Adhesive film sealant.
7. paper towels or other absorbent materials.
8. Distilled water.

9. Hettich Universal 32 centrifuge (Germany) wased to spin the blood

3.10.1.2Reagents
The Reagent diagnostic kits for the measuremes¢fm prolactin, FSH,

LH, progesterone and oestradiol were obtained fsgmtron Bioresearch.
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Inc. 2774 Loker Avenue West. Carlsbad, Californrated States of

America(USA). All the reagents were of analytigedde.

3.10.2Components of FSH Reagent kit
1.Microwell plate
12 x 8 well strips with break away micro wells aghivith anti-monoclonal

FSH antibody.

2.Enzyme conjugate
Anti-FSH antibody conjugated with horse-radish patase in a buffer with

stabilizer and preservative in a dropper vial.

3.Reference Standard Set
Buffered protein solution with preservative contaghFSH in glass vials; O,

5.0, 10, 25, 50, 100 miU/ml.

4. Quality Control Set.

Consisted of 2 vial at 1.0ml of control Level Ida@ontrol Level II.

5. Dilution Buffer
Buffered protein solution with preservative in agg vial. To be used for

dilution of concentrated samples.
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6. Washing Buffer
Phosphate Buffer saline in a plastic bottle (30nfi)ch requires dilution

prior to use.

7. Substrate Reagent A
0.05M acetate buffer containing 0.02% hydrogemxiee in a dropper vial.
8. substrate Reagent B

3,3',5,5-Tetramethylbenzidine in stabilizing buffi@ a dropper vial.

9. Stopping Solution

1N HCI (Hydrochloric acid) in adropper Vial.

3.10.3 COMPONENTS OF LH REAGENT KIT
1. Microwell plate
12 x 8 well strips with break away micro wells aghivith anti-monoclonal

LH antibody.

2. Enzyme conjugate
Anti-LH antibody conjugated with horse-radish padase in a buffer with

stabilizer and preservative in a dropper vial.
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3. Reference Standard Set
Buffered protein solution with preservative contagiLH in glass vials; 0,

5.0, 10, 25, 50, 100, 200 mIU/ml.

4. Quality Control Set.

Consisted of 2 vial at 1.0ml of control Level lda@ontrol Level II.

5. Washing Buffer
Phosphate Buffer saline in a plastic bottle (30nil)ch requires dilution

prior to use.

6. Substrate Reagent A

0.05M acetate buffer containing 0.02% hydrogemxee in a dropper vial.

7. Substrate Reagent B

3,3',5,5'-Tetramethylbenzidine in stabilizing bufi@ a dropper vial.

8. Stopping Solution

1N HCI(Hydrochloric acid) in a dropper Vial.
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3.10.4 Components of Prolactin Reagent kit
1. Microwell plate
12 x 8 well strips with break away micro wells aghivith anti-monoclonal

Prolactin antibody.

2. Enzyme conjugate
Anti-Prolactin antibody conjugated with horse-rédperoxidase in a buffer

with stabilizer and preservative in a dropper.vial

3. Reference Standard Set
Buffered protein solution with preservative contaghProlactin in glass

vials; 0, 5.0, 10, 25, 50, 100,200ng/ml.

4. Quality Control Set.

Consisted of 2 vial at 1.0ml of control Level | a@dntrol Level II.

5. Dilution Buffer
Buffered protein solution with preservative in agg vial. To be used for

dilution of concentrated samples.
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6. Washing Buffer
Phosphate Buffer saline in a plastic bottle(30nfi)al requires dilution
prior to use.

7. Substrate Reagent A

0.05M acetate buffer containing 0.02% hydrogemxiele in a dropper vial.

8. Substrate Reagent B

3,3',5,5'-Tetramethylbenzidine in stabilising bufiae a dropper vial.

9. Stopping Solution
1N HCI(Hydrochloric acid) in a dropper Vial.
3.10.5Components of Oestradiol Reagent kit
1. Microwell plate
12 x 8 well strips with break away micro wells emhvith anti-monoclonal

Oestradiol antibody.

2. Enzyme conjugate
Anti-Oestradiol antibody conjugated with horse-sldberoxidase in a

buffer with stabilizer and preservative in a dreppial.
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3. Reference Standard Set
Buffered protein solution with preservative contaghoestradiol in glass

vials; 0, 50, 200, 600, 2000pg/ml.

4. Quality Control Set.

Consist of 2 vial at 1.0ml of control Level | andr@rol Level Il.

5. Dilution Buffer
Buffered protein solution with preservative in agg vial. To be used for

dilution of concentrated samples.

6. Washing Buffer
Phosphate Buffer saline in a plastic bottle(30nh)ok requires dilution

prior to use.

7. Substrate Reagent A

0.05M acetate buffer containing 0.02% hydrogemxee in a dropper vial.

8. Substrate Reagent B

Buffered chromogen solution with stabiliser, inragper vial

9. Stopping Solution

IN HSO(sulphuric acid) in a dropper Vial.
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3.10.6 Components of Progesterone Reagent kit
1. Microwell plate
12 x 8 well strips with break away micro wells aghivith anti-monoclonal

Progesterone antibody.

2. Enzyme conjugate
Anti-Progesterone antibody conjugated with horghstaperoxidase in a

buffer with stabiliser and preservative in a drepypial.

3. Reference Standard Set
Buffered protein solution with preservative contaghProgesterone in glass

vials; 0, 0.5, 2.5, 10, 25, 50ng/ml.

4. .Quality Control Set.
Consisted of 2 vial at 1.0ml of control Level | a@dntrol Level I1.
5. Dilution Buffer
Buffered protein solution with preservative in agg vial. To be used for

dilution of concentrated samples.
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6. Washing Buffer
Phosphate Buffer saline in a plastic bottle(30nfi)al requires dilution

prior to use.

7. Substrate Reagent A

0.05M acetate buffer containing 0.02% hydrogemxiele in a dropper vial.

8. Substrate Reagent B

Buffered chromogen solution with stabiliser, inragper vial.

9. Stopping Solution

1N HCI(Hydrchloric acid) in a dropper Vial.

3.11 LABORATORY ANALYTICAL METHODS:
3.11.1 ESTIMATION OF SERUM FSH

Principles:

The microwell FSH Enzyme Immuno Assay is a sopdase enzyme
immunoassay based on the “sandwich” principle.oTseparate antibodies
directed against distinct antigenic determinarftshe FSH molecule are

utilised in the assay.
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The FSH present in the test sample reacts simualteshyewith one antibody
immobilised on the micro well surface and with drestantbody conjugated
to horseradish peroxidase enzyme. So an Ab-Ag-Amtencomplex is
formed on the microwell surface.

Then the unbound conjugate is removed by washidgtacolour
development reagents (substrate) are added. ypmsere to the enzyme,
a colour change will take place. The intensityhaf tolour reflects the
amount of bound anti-FSH enzyme conjugate whigiraportional to the
concentration of FSH in the specimen within theaiyit range of the assay.
After stopping the reaction, the resulting col@imeasure using a micro
well reader at 450nm.

Using a standard curve obtained by ploting thel ESncentrations of
reference standards versus the corresponding amsmjthe FSH
concentration of the currently run test samplaes@mtrols can now be

determined.

Assay Procedure

1.A working dilution of washing buffer from the 1@oncentrated
provided was prepared by mixing 30ml of washinffdsulOx with

270ml of distilled water prior to use.
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. The number of coated microwell needed were deatemaincluding

an extra well (Al) for substrate blank andlaaking data sheet with

appropriate information was marked.

. The desired number of microwells from the zip-lbeg were
removed and placed in a microwell holder.

. 50 microL of each reference standards, controltasdsample were
dispensed into the appropriate well excluding (Al).

. Two drops of enzyme conjugate were dispensed eath well
(excluding Al).

. The wells were then gently rocked for twenty sesotiden sealed by
covering with parafilm and incubated af@7or 30minutes.

. The cover slip was then removed and discardedrandation

mixture was thoroughly decanted by flicking iatgink containing

disinfectant.
. The microwells were then wash five times, includikigwith diluted
washing Buffer.

. The wells were dried by firmly tapping the plateaclean paper

towel to remove excess washing solution.
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10. One drop of substrate reagents A and B each \Wweredispense into

each well including Al and the wellsrevgently rocked for twenty

seconds and incubated at room temper&iu 10minutes.

11.The reaction was stopped by adding one drop pfpatg solution to

each well and gently rocking the wells.

12.The absorbance of each well read at 450nm jfagainst the

substrate blank(well A1) using microwell reader.

Standard curve and calculation of results

1. Mean absorbance value was calculated for eachereferstandard,

control and patient sample.

2. A standard curve was constructed by plotting thamabsorbance
obtained for each reference standgaghat the concentration in
mIU/ml on a graph paper with the absoce value on the vertical

“Y" axis and the concentration on therlzontal “X” axis.

3. Using the absorbance value for each sample, threspmnding

concentration of FSH in mlU/ml was deterad from the standard

curve.
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3.11.2ESTIMATION OF SERUM LH

Principles:

The microwell LH Enzyme Immuno Assay is a solidhape enzyme
immunoassay based on the “sandwich” principle.oTseparate antibodies
directed against distinct antigenic determinantthefof the LH molecule
are utilised in the assay. The LH present in teedample reacts
simultaneously with one antibody immobilised on mhiero well surface

and with another anti-body conjugated to horselapésoxidase enzyme. So
an Ab-Ag-Ab Enzyme complex is formed on the micrbwearface.

Then the unbound conjugate is removed by washidglacolour
development reagents (substrate) are added. upms@e to the enzyme, a
colour change will take place. The intensity of tadour reflects the amount
of bound anti-LH enzyme conjugate which is promovél to the
concentration of LH in the specimen within the dyiarange of the assay.
After stopping the reaction, the resulting col@imeasure using a micro
well reader at 450nm.

Using a standard curve obtained by ploting thecbHcentrations of
reference standards versus the corresponding arsmpthe LH
concentration of the currently run test samples@mtrols can now be

determined.
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Assay Procedure

1 A working dilution of washing buffer from the 10wmrcentrated
provided was prepared by mixing 30ml of washinffdsulOx with

270ml of distilled water prior to use.
2 The number of coated microwell needed were detemincluding

an extra well (Al)for substrate blank and a wogkiiata sheet with

appropriate information was marked.

3 The desired number of microwells from the zip-lbeg were

removed and placed in a microwell holder.
4 50 microL of each reference standards, controltasidsample were

dispensed into the appropriate well excluding (Al).

5 Two drops of enzyme conjugate were dispensed eath well

(excluding A1) .

6 The wells were then gently rocked for twenty secotiden sealed by
covering with parafilm and incubated af %7 for 30minutes.
7 The cover slip was then removed and digthand incubation
mixture was thoroughly decanted by flickingp a sink containing

disinfectant.
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8 The microwells were then washed five times, inaigdh1 with

diluted washing Buffer.
9 The wells were dried by firmly tapping the plateaclean paper

towel to remove excess washing solution.

10 One drop of substrate reagents A and B each wagdispensed
into each well including A1 and the wells were tierocked for
twenty seconds and incubated at room temperaturEfoinutes.

11 The reaction was stopped by adding one drop ppsatg

solution to each well and gently rocking the wells.

12 The absorbance of each well read at 45@asa ) against the

substrate blank (well A1) using microwell read

Standard curve and calculation of results

1. Mean absorbance value was calculated for eaclereferstandard,

control and patient sample.

2. A standard curve was constructed by plotting thamabsorbance

obtained for each reference standard againsiatheentration in

mIU/ml on a graph paper with theabance value on the vertical

Y axis and the concentration dmethorizontal “X” axis.
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3. Using the absorbance value for each samme;diresponding

concentration of FSH in mlU/ml was determined fritva standard

curve.

3.11.3 ESTIMATION OF SERUM PROLACTIN

Principles:

The microwell Prolactin Enzyme Immuno Assay sohd —phase

enyme immunoassay based on the “sandwich” priecipwo separate
antibodies directed against distinct antigenic mheiteants of the of the
Prolactin molecule are utilised in the assay. Thodaletin present in the test
sample reacts simultaneously with one antibody imfised on the micro
well surface and with another antbody conjugateubiceradish peroxidase
enzyme. So an Ab-Ag-Ab Enzyme complex is formedhamicrowell
surface.

Then the unbound conjugate is removed by washidgtacolour
development reagents (substrate) are added. Ugnmrsese to the enzyme, a
colour change will take place. The intensity of tadour reflects the amount
of bound anti-Prolactin enzyme conjugate whichragpprtional to the
concentration of Prolactin in the specimen witta dynamic range of the
assay. After stopping the reaction, the resultimlgur is measured using a

micro well reader at 450nm.
96



Using a standard curve obtained by ploting théaletm concentrations of
reference standards versus the corresponding amsmpthe Prolactin
concentration of the currently run test samplaes@mtrols can now be

determined.

Assay Procedure

1. A working dilution of washing buffer from the 1@oncentrated

provided was prepared by mixing 30mivashing buffer 10x with

270ml of distilled water prior to use.

2. The number coated microwell were determined inolgidan extra
well (Al) for substrate blank and a workindadsheet with
appropriate information was marked.

3. The desired number of microwells from the zip-lbeg were

removed and placed in a microwell holder.

4. 50 microL of each reference standards, controltasdsample were

dispensed into the appropriate well edicig (Al).
5.Two drops of enzyme conjugate were dispeénisto each well

(excluding A1) .
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6 The wells were then gently rocked for twenty secomtiden sealed
by covering with parafilm and incubateB? C for 30minutes.
7 The cover slip was then removed and discardedranubation
mixture was thoroughly decanted by flickimgpi a sink containing
disinfectant.
8 The microwells were then washed five times, inaigdh1 with
diluted washing Buffer.
9 The wells were dried by firmly tapping the plateaclean paper
towel to remove excess washing solution.
10 One drop of substrate reagents A and B each Wweredispense
into each well including A1 and the wells were ¢yendbcked for
twenty seconds and incubated at roonpégature for 10minutes.
11 The reaction was stopped by adding one drop pfpatg solution to
each well and gently rocking the wells.
12. Absorbance of each well was read at 450ngjAgainst the

Substate blank(well A1) using microwelhder.
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Standard curve and calculation of results

1. Mean absorbance value was calculated for eachereferstandard,

control and patient sample.

2. A standard curve was constructed by plotting thamabsorbance

obtained for each reference standaathagjthe concentration in
ng/ml on a graph paper with the abance value on the vertical

“Y” axis and the concentration on therizontal X" axis.
3. Using the absorbance value for each sample, threspnding

concentration of prolactin in ng/ml was determintedm the standard

curve.

3.11.4 ESTIMATION OF SERUM OESTRADIOL (E2)

Principles:

The microwell Oestradiol (B Enzyme Immuno Assay is a solid —phase
enzyme immunoassay based on the competitive birmingiple. The
Oestradiol present in the test sample will compete enzyme —labelled
oestradiol for binding rabit anti-;E&antibody linked with goat anti-rabit,
immobilised on the microwell surface.The amountafjugate that binds
to the anti-k antibody is inversely proportional to the concatitm of & in

the patient sample.
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The unbound sample and conjugate are then renwvecshing and the
colour development reagents (substrate) are adlifmmh exposure to the
bound enzyme, a colour change will take place.imtensity of the colour
reflects the amount of bound enzynt&,€onjugate and is inversely
proportional to the concentration of oestradiglrEthe specimen within the
dynamic range of the assay. After stopping theti@acthe resulting colour
IS measure using a micro well reader at 450nm. dJaistandard curve
obtained by ploting the oestradiol concentrationeference standards
versus the corresponding absorbance, the oest@mokntration of the

currently run test samples and controls can noddbermined.

Assay Procedure
1.A working dilution of washing buffer from the 1@encentrated
provided was prepared by mixing 30ml of washinffdsulOx with
270ml of distilled water prior to use.

2. The number coated microwell were determined ohaly an extra
well (Al) for substrate blank and a working dataethwith

appropriate information was marked.
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3. The desired number of microwells from the zip-lbeg were remove
and placed in a microwell holder.

4. 50 microL of each reference standards, controltasidsample were

dispensed into the appropriate well.
5. One drop of enzyme conjugate were dispensedestb well.
6. The wells were then gently rocked for twenty secoticen sealed by

covering with parafilm and incubated a7 for 60minutes.

7. The cover slip was then removed and discardedranubation
mixture was thoroughly decanted by flicking intsiak containing

disinfectant.

8. The microwells were then washed three times, thiehdiluted
washing Buffer.

9. The wells were dried by firmly tapping the plateaclean paper
towel to remove excess washing solution.

10. One drop of substrate reagents A and B each \Wweredispense into

each well and the wells were genthkestfor twenty seconds and

incubated at room temperature for 15mesun the dark.
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11.The reaction was stopped by adding one dr@popiping solution to

each well and gently rocking the wells.

12.The absorbance of each well read at 450nsmjAising microwell

reader.

Standard curve and calculation of results

1. Mean absorbance value was calculated for eachereferstandard,

control and patient sample.

2. The average valuesA value for each standard , control and test
sample were divided by the averagesoAf standard 0 pg/ml and
multiply by 100 to obtain % A/Ao for each sample.

3. A standard curve was constructed by plotting tha/#o value of
each standard against the corresponding concemsadif the
standard on a graph paper.

4. Using the absorbance or the % A/Ao value for eamtirol and test

sample, the corresponding concentraifastradiol in pg/ml was

determined from the standard curve.
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3.11.5 ESTIMATION OF SERUM PROGESTERONE

Principles:

The microwell progesterone Enzyme Immuno Assag sslid —phase
enzyme immunoassay based on the competitive birmingiple. The
progesterone present in the test sample will coenpéh enzyme —labelled
progesterone conjugate for binding with anti- psigeone antibody
immobilised on microwell surface. The amount ofjogate that binds to
the microwell surface will decrease in proportioritie concentration of
progesterone in the patient’'s sample.

The unbound sample and conjugate are then remmowecshing and the
colour development reagents (substrate) are adlifmmh exposure to the
bound enzyme, a colour change will take place.imtensity of the colour
reflects the amount of bound enzyme —progesterongigate and is
inversely proportional to the concentration ofgesterone in the patient
sample within the dynamic range of the assay.rAfi@pping the reaction,
the resulting colour is measured using a micro vegter at 450nm. Using a
standard curve obtained by ploting the Progeseecomcentrations of
reference standards versus the corresponding avsmthe progesterone
concentration of the currently run test samplaes@mtrols can now be

determined.
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Assay Procedure

1. A working dilution of washing buffer from the 10wmrcentrated
provided was prepared by mixing 30ml of washinffdr 10x with
270ml of distilled water prior to use.

2. The number of coated microwell needed were detetnincluding

extra well (Al) for substrate blank and a workiragadsheet with

appropriate information was marked.

3. The desired number of microwells from the zip-lbeg were
removed and placed in a microwell holder.

4. 50 microL of each reference standards, controltasidsample were

dispensed into the appropriate well.

5. One drop of enzyme conjugate was dispensed atb well.

6. The wells were then gently rocked forrtyeseconds then sealed by

covering with parafilm and incubate@®@tC for 60minute.

7. The cover slip was then removed and diszhand incubation
mixture was thoroughly decanted by flicking intsiak containing

disinfectant.
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8.The microwells were then washed five timegth the diluted
washing Buffer.

9. The wells were dried by firmly tapping the plateaclean paper
towel to remove excess washing solution.

10.0ne drop of substrate reagents A and B each weredispensed into

each well and the wells were genthkemtfor twenty seconds and

incubated at room temperature for 15n@sun the dark.

11.The reaction was stopped by adding one drop pfpatg solution to

each well and gently rocking the wells.

12.The absorbance of each well was read at 450ma)(Asing

microwell reader.

Standard curve and calculation of results

1. Mean absorbance value was calculated for eaclereferstandard,

control and patient sample.

2. The average values value for each standard , control and test
sample were divided by the averageofof standard 0 ng/ml and

multiply by 100 to obtain % A/Ao for each sample.
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3. A standard curve was constructed by plotting th&/%o value of

each standard against the corresponding condensaif the
standard graph paper.
4. Using the absorbance or the % A/Ao vatreshch control and test
sample, the corresponding concentraifgrogesterone in ng/ml

was determined from the standard curve.

3.12PRECISION STUDIES,;
Three levels of control samples(low, medium andhigere
selected and assay in duplicates. The replicaegrdmation of
the two different control sera were done in onapgwithin — run
precision) and in five different assays (betweeuan precision).
The precision was evaluated by calculating the mst@mdard
deviation and coefficient of variation for eachdéwf control

sample.

3.13 STATISTICAL ANALYSIS
The mean of all analytes measured including thiandard deviation
(mean + SD) were determined. This wasedor both patients and

control subjects.
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Differences in serum hormone levels between tbapg of fertile

and infertile men were tested by student t tegi- #alue of equal to
or less than 0.05€0.05 ) was considered as statistically significant
The statistical package for the social science RS window

version 15.0 was used for all calculations andstiedl analysis.

3.13PROBLEMS ENCOUNTERED DURING THE
EXECUTION OF THE PROJECT.
The subjects were told specifically tone in a fasting state, as well
as not having exercised for 12 hoursrgno their consultations.

The biggest problem encountered was stdb@ming in for
appointments and not being in a fassitage. These subjects were
then asked to make other appointments)egcall the measurements

could be taken while they were in a fagstate. None of
these patients turned up for their apjpoemts. This affected the total
number of subjects recruited especialé/dontrol groups and delayed

the study.
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CHAPTER FOUR

RESULTS

4.1 Analysis of Study Population

A total of one hundred and eighty (180) subjeatsenecruited for the
study aged 18 to 44 years . These were made upedfiundred and twenty
120 infertile women and sixty 60 fertile womencasitrols.

They were divided into three age group as shawviable 4.1 below.
Majority of the infertile women 75(62.5%) and thentrols 30(50%) in this

present study were in the age group 25-34 .

TABLE 4.1: Shows the age group distribution of thanfertile women

and controls.

frequency Percentage (%)
Age group in yearsinfertile women| Controls| Infertile women| controls
15-24 11 10 9.2 17.0
25-34 75 30 62.5 50.0
35-44 34 20 28.3 33.0
Total 120 60 100 100
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The mean duration of infertility was Syears. 38.7%) had primary
infertility and 82 (68.3%) had secondary inferilithe major educational
status of the infertile women was tertiary ediacatvhich constitutes
74(61.7%) of the infertile women and their majocupation was civil
servant which constitutes 51(42.5%) , while intcast the major
educational status of the fertile control women s@&sondary education
which constitutes 22 ( 36.7%) and their major oetigm was house wife
which constitutes 31(51.7%) of the fertile contn@men.The infertile
women were made up of 85 (70.8%) in follicular ghaand 29 (24.2%) in
luteal phase of their menstrual cycles and 6 (5%evamenorrheic (mainly
with secondary amenorrhoea). The fertile womentfobnwere made up of
35 (58.3%) in follicular phase, and 25 (47.7%luireal phae of their
menstrual cycles. Majority of the infertile womefi(7% ) were either
overweight or obese while majority of the contr@6.6%) were within

normal weight based on their body mass index (Bilable 4.2)
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Table 4.2: The frequency distributions of some dlical parameters of

the infertile women and contis.

Frequency (n)

Percentage (%)

Characteristics Infertile controls | Infertile Controls
women women
a)Types of infertility
primary 38 - 31.7 -
secondary 82 - 68.3 -
b)Educational status
Tertiary 74 15 61.7 25.0
Secondary 28 23 23.3 36.0
Primary 11 7 9.2 11.7
Non formal 7 16 5.8 26.7
c) Occupation
Civil servants 51 15 42.5 25.7
Self employed |19 10 15.8 16.7
Students 12 4 10.0 6.7
Housewives 38 31 31.7 51.7
d)Menstrual
history
Follicular phase | 85 35 70.8 58.3
Luteal phase 29 25 24.2 41.7
Amenorrheic 6 - 5 -
e)BMI(kg/m?)
<18.5 underweight - - - -
18.5-24.9 Normal |34 34 28.3 56.7
25.0-29.9 overweight44 13 36.7 21.7
30.0-34.9 Obese | |29 8 24.2 13.3
35.0-39.9 Obese Il |10 4 8.3 6.7
>40.0 Obeselll 3 1 2.5 1.7
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4.2: The clinical parameters in infertile women andcontrols.

The clinical parameters in the infertile women émel matched controls are
presented in table 4.3. The mean ages, age at chenamean duration of
menstrual flow and the blood pressure in the iiéewomen were

not statistically different from those in contr@fs>0.05). The mean body
mass index (BMI) and the mean duration of mensicyeles were
significantly higher (p<0.05) in infertile womenaih in controls. The mean

parity was significantly lower (p<0.05) in infegilwvomen than in controls.
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TABLE 4.3: Clinical Parameters of control subjecs and infertile

women.

Characteristics Infertilenven Controls P values
Mean Mean
(Ranges) (Ranges)
Age(yr) 31(295) 30.5(18 — 42) >0.05
Age at menarche 14.2(10 — 25) 14.4(12 - 18) >0.05
Parity 80.0-5) 5(1-13) ®.
Dur. Menst.Cycles( days) 64.5(17.5 - 278p.7(21 — 30) <0.05

Dur.menst. fl (days)

Body mass index(kg/fh

4.3(2 - 8) 4.6(2.5 — 8.5) >0.05

28.4(18.8—56)  25.1 (15.4 — 42)<0.05
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4 .3:Perfomance Characteristics and Calibrations of ELSA

Techniques for Hormonal Assays.

4.3.1 Calibration of the method for serum LH

Table 4.4 shows absorption measurements in dupsicah a multiskan
microplate reader for series of LH standards. fidgl plot of the
absorbance against the concentration of the LHlatals (mIU/ml) is shown
in fig 4.1. The linear curve shows a positivelyngiigant correlation

(r=0.970, t=2.034, P<0.05) .

4.3.2 Precision profiles for LH

The results of within —runs and between runs pregistudies are
presented in Table 4.5:

The within —runs coefficient of variation for lomedium and high
concentration were 7.9%, 8.0% and 5.9% respdygtwhile the
corresponding values for the between - runs v@&i@o, 9.8% and 6.2%

respectively.
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Table 4.4: calibration of the method for the measgement of

concentration of LH on multiskn microplate reader at

450nm.
Standard 1 2 3 4 5 6 7
Conc.LH(mIU/ml) 0 5 10 25 50 100 200
1% Absorbance (nm) 0.01 0.16 0.2550.6.99 1.62 2.20
2" Absorbance (nm) 0.01 0.12 0.24 0591 1.602 224
Average (nm) 0.01 0.1424 0.57 1.00 1.59 2.22

Table 4.5: Precision profile for measuring serum LHon
multiskan microplate reader.

LH n Within- Runs Precision n Between- Runs Precision
X SD Ccv X SD CV
miu/ml miu/ml % miU/ml miU/ml %
LOW 10 10 7.9 97 10 9.7 0.9 9.7
MED 10 32.2 2.6 08. 10 35.0 3.4 9.8
HIGH 10 160.9 9.3 59 10 156.5 9.7 6.2

n= number of estimations; X=Mean; SD=Standard dmna
CV= Coefficient of variation
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r=0.0970, t=2.034,
p<0.05

2.00 —

MearoAbsorbance(450nm)

1.00 ==

0.50 ==

0.00 ==

0.00 50.00 100.00 150.00 200.00
LH Concentration(mlU/ml)

Fig. 4.1: Standard calibration Curve for serum LH on multiskan
Migolate Reader.

The cesponding concentrations of LH in mlU/ml was
deteimad from the standard curve for each sample
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4.3.3: Calibration of the method for serum FSH

Table 4.6 shows absorption measurements in dupsicah a multiskan
microplate reader for series of FSH standardyjpfcal plot of the
absorbance against the concentration of the FStdatds (mIU/ml) is
shown in fig 4.2. The linear curve shows a posiyiggnificant correlation

(r= 0.999, t= 2.039, P<0.05)

4.3.4: Precision profiles for FSH

The results of within —runs and between runs pregistudies are
presented in Table 4.7.

The within —runs coefficient of variation for lomedium and high
concentration were 7.2%, 7.3% and 8.4% respdygtikile the
corresponding values for the between - runs 8é%, 5.5% and 9.0%

respectively.
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Table 4.6: calibration of the method for the measurment of

concentration of F SH on multiskamicroplate reader at

450nm.
Standard 1 2 3 4 5 6
Conc.(mlU/ml) 0 5 10 25 50 100
1% Absorbance (nm) 0.02 0.12 0.26 0.63 1.12 2.24
2" Absorbance (nm) 0.06 0.12 0.220.55 1.22 2.16
Average (nm) 0.04 0.120.24 0.59 1.17 2.20

Table 4.7: Precision profile for measuring serum FB on multiskan

microplate reader.

FSH n Within- Runs Precision n Between- Runs Precisjion
X SD VC X SD CVv
miu/ml miu/ml % miu/ml miu/ml %

LOW 10 7.1 0.5 7.2 10 6.9 0.6 8.6

MED 10 16.8 1.2 7.3 10 16.9 0.9 5.5

HIGH 10 48.1 4.0 8.4 10 49.2 4.4 9.0

n= number of estimations; X= mean; SD= Standardation;
CV= coefficient of variation

117



r 809
t 639
005

2.00 ==

1.50 ==

mean absorbance(450nm)

1.00 =

0.50 ==

0.00 ==
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Fig 4.2: Standard calibration Curve for serum FSHon multiskan Microplate Reader.
The corresponding concentrations &SH in mlU/ml was
determined from the standard curvéor each sample.
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4.3.5: Calibration of the method for serum Prolactn

Table 4.8 shows absorption measurements in dupéicat a multiskan
microplate reader for series of Prolactin stanslal typical plot of the
absorbance against the concentration of the FStdatds (ng/ml) is
shown in fig 4.3. The linear curve shows a posiyiggnificant correlation

(r=0.973, t=2.034, p<0.05).

4.3.6: Precision profiles for serum Prolactin

The results of within —runs and between runs pregistudies are
presented in Table 4.9.

:I'he within —runs coefficient of variation for lomedium and high
concentration were 7.5%, 5.6% and 3.1% respegtvblle the
corresponding values for the between-runs w&®97.4% and 6.9%

respectively.
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Table 4.8: calibration of the method for the measwuement of
concentration of prolactin on maiskan microplate reader at

450nm.

Standard 1 2 3 4 56 7

Conc.(ng/ml) 0 5 10 25 50 100 200
1*Absorbance (nm)  0.02 0.15 0.03.600 1.03 1.62 2.24
2" Absorbance (nm) 0.04 0.19 0.03 00.70.98 1.62 2.32

Average (nm) 0.03 0.17 0.30.60 1.01 1.62 228

Table 4.9: Precision profile for measuring serum polactin on

multiskan microplate reader.

PRL n Within- Runs Precision n Between- Runs Precision
X SD Cv X SD VC
mlU/ml mlU/ml % miU/ml miu/ml %
LOW 10 7.5 0.6 57. 10 7.5 0.7 9.3
MED 10 17.0 0.9 65. 10 16.2 1.2 74
HIGH 10 43.3 1.3 3.1 10 46.5 3.2 6.9

n = number of estimations; X= Mean; SD=Standhkadation;
CV=Coefficient of variation.
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r=0.973
t=2.034
P <0.05

Dot/Lines show Me:

2.00 ==

Mee}rgoA_t sorbance(450nm)

1.00 ==

0.50 ==

0.00 ==

0.00 50.00 100.00 150.00 200.00
Prolactin Concentration(ng/ml)

Fig.4.3: Standard calibration Curve for serum Prolactin on nmultiskan
Migrlate Reader.

Theresponding concentrations of Prolactin in ng/ml
detened from the standard curve for each sample.
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4.3.7: Calibration of the method for serum Progest®ne

Table 4.10 shows absorption measurements in digdican a multiskan
microplate reader for series of progesterone stasd A typical plot of the
absorbance against the concentration of the pregest standards (ng/ml)
Is shown in fig 4.4 The linear curve shows a negdyisignificant

correlation (r= - 0.826, t=1.823, p<0.05).

4.3.8: Precision profiles for Progesterone
The results of within —runs and between runs pregistudies are
presented in Table 4.11.
The within —runs coefficient of variation for lpwedium and high
concentration were 7.5%, 5.7% and 3.1% respaygtvhile the
corresponding values for the between - runs W%, 7.3% and 6.9%

respectively.
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Table 4.10: calibration of the method for the measement of
concentration of progesteronananultiskan microplate

reader at 450nm.

Standard 0 1 2 3 4 5
Conc.(ng/ml) 0.0 05 25 10 25 50
1% Absorbance (nm) 204 169 51.2069 043 0.30
2" Absorbance (nm) 208 165 1.29.75 043 0.28
Average (nm) 206 167125 0.72 0.43 0.29

Table 4.11: Precision profile for measuring serum mpgesterone on

multiskan microplate reader.

PROG n Within- Runs Precision n Between- Runs Precision

X SD CV X SD CVv

miU/ml miU/ml % miU/ml miU/ml %
LOW 10 7.5 0.6 o7 10 7.5 0.7 9.5
MED 10 17 097 75. 10 16.2 1.2 7.3
HIGH 10 43.3 1.3 3.1 10 46.5 3.2 6.9

n= number of estimations; X= Mean; SD = Standadation;
CV = coefficient of variation
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r=-0.826,
t=1.823,
p <0.05

100.00 =

75.00 ==

Mean Absprbance(450nm)

50.00 ==

25.00 =

0.00 10.00 20.00 30.00 40.00 50.00

Progesterone Concentration(ng/ml)

Fig 4.4: Standard calibration curve for Serum Progsterone on multiskan
Micragte Reader.
The corremmding concentrations of Progesterone in ng/ml was
determinecbim the standard curve for each sample.
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4.3.9: Calibration of the method for serum Oestradl.

Table 4.12 shows absorption measurements in diglioa a multiskan
microplate reader for series of Oestradiol stashslgog/ml). A typical plot
of the absorbance against the concentration dD#stradiol standards
(pg/ml) is shown in fig 4.5. The linear curve shaawsegatively significant

correlation (r=-0.881, t=1.529, p<0.05).

4.3.10: Precision profiles for oestradiol.

The results of within —runs and between runs pregistudies are
presented in Table 4.14:

The within —run coefficient of variation for lowmedium and high
concentration were 5.1%, 2.9% and 2.1% respectivhile the
corresponding values for the between-runs wert2405.3% and 2.7%

respectively.
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Table 4.12: calibration of the method for the measement of

concentration of oestradiol omultiskan microplate reader

at 450nm.
Standard 1 2 3 4 5
Conc.(pg/ml) 0 50 200 600 2000
1% Absorbance (nm) 214 1.80 1.48 1.16 0.78
2" Absorbance (nm) 210 1.76  1.48 1.12 0.74
Average (nm) 212 1.781.48 1.14 0.76

Table 4.13: Precision profile for measuring serunoestradiol on

multiskan microplate reader.

E, n Within- Runs Precision n Between- Runs Precision
X SD CVv X SD CVv
miu/ml mlu/mi % miu/ml - miu/ml %
LOW 10 148.3 7.6 5.1 10 119.1 12.0 10.1
MED 10 524.9 5.1 92 10 438.1 23.3 5.3
HIGH 10 1861.4 40.0 2.110 1742.0 47.6 2.7

n = Number of estimations; X= Mean; SD= Standfediation;
CV= Coefficient of variation; E-Oestradiol
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100.00 ==

80.00 =

Mean abs

60.00 ==

40.00 =

Fi

r=-0.881
t= 1.529
p < 0.0t

orbance (450nm)

0.00 500.00 1000.00 1500.00 2000.00

Oestradiol Concentration(pg/ml)

g.4.5: Standard calibration Curve for serum Oestradiol onmultiskan
Microplate Reade

The correspondigncentrations of Oestradiol in pg/ml was
determined frothe standard curve for each sample.

127



4.4: Serum Hormonal Profile in Infertile women ard controls.

The mean values for LH, FSH, Prolactin,progesteroestradiol, and
LH/FSH ratio in infertile women and control are ggated in table 4.14
Serum LH, Prolactin and LH/FSH ratio were statety higher (P< 0.05)

in infertile women than controls, while the serprogesterone and
oestradiol in infertile women were significantlynler (P<0.05) than in
control. There is no significant statistical diface between the FSH of the

infertile women and controls (p>0.05).

4.5. Serum hormonal Profile in Infertile women wth primary

infertility compared to infertile women with secondary infertility.
The mean values for LH, FSH, Prolactin,progesteroastradiol, and
LH/FSH in infertile women with primary infertilitgand secondary infertility
are presented in table 4.15:
The serum LH, FSH, prolactin, progesterone, oesttatd LH/FSH were

not significantly different (P> 0.05).
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TABLE 4.14 Biochemical Parameters of control sulgcts and infertile

women.

Reproductive Hormones  Infertile women Controls P-values

Mean mean

( Range) (Range)
LH (mIU/ml) 34.7 (2-174) 12.3(3-28) <0.05
FSH(mIU/ml) 14.1(0.5-67) 13(3.8-39) >0.05
Prolactin (ng/ml) 31(2.5-109) 8.7(0.15-22) 0.65
Progesterone (ng/ml) 5.4(0.2-75) 17.8(3-75) <0.05
Oestradiol(pg/ml) 188.2(0.4-820) 366(22-1040) <0.05
LH/FSH ratio 4(0.2-56) 2.4(0.5-12) <0.05
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TABLE 4.15 : SERUM HORMONAL PROFILE (MEAN£2SD) IN INFERTILE WOMENVITH PRIMARY
INFERTILITY COMPARE TO INFERTILE WOMEN WITH SECONDARYNFERTILTY.

Subjects n

LH FSH PRL Prog > E LH/FSH
miU/ml miU/ml ng/ml ng/ml pg/ml ratio
prim. 38 30.7+£29.5 13.82A 31.4+22.4 6.5£13.2 213+ 1763+2.2
sec. 82 36.6+26.4 14.3#1 30.7+19.3 4.8+10.1 176.6+ 144.4+6.8
P- value > 0.05 >0.05 >0.05 >0.05 <0.05 >0.05
LH= Leutinizing hormone; FSH= Follicle Stimulatifgprmone; PRL= Prolactin; ~fEstradiol; prim=

primary infertility; sec= secondary infertility; pg= Progesterone; n=number of subjects.
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4.6: Pattern of hormonal profile in infertile women

Table 4.16 shows the pattern of the hormonal ler¢fiH, FSH, LH/FSH
ratio, prolactin, progesterone and oestradiolpfertile women. Subjects
with elevated LH, prolactin, LH/FSH ratio, low gesterone and oestradiol
are the commonest features in most infertile wontelevated prolactin
level was found to coexist with some other horala@hisorders.

Table 4.17 shows the hormonal disorders with ptessilagnosis in the
infertile women.

Polycystic ovarian Syndrome (PCOS) with hyperprimaemia 33.3%
have the highest incidence among the infertile waniEhere were multiple
endocrine disorders and hyperprolactinaemia wasdao coexist with
some other hormonal disorders such as polycysacdav syndrome , luteal
phase deficiency, Hypergonadotropic hypergonadisth a
hypergonadotropic hypogonadism. 28.3% of the iléentomen were found
to have no hormonal abnormalities.

Table 4.18 shows the percentage of the total njononal abnormalities
in infertile women. Hyperprolactinaemia 50% wasrfd to have the
highest incidence while hypergonadotropic hypergsm 1.7% and
hypogonadotropic hypogonadism 1.7% were foundateehhe lowest
incidence.
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TABLE 4.16: Pattern of Hormonal Profile in Infertile Women

LH FSH LH/FSH | Prl Progest | E2 n | % | Findings

high N/low | high high low low 40 33.3| High LH, LH/FSH,
Prl, low progest;&

normal| normal | normal high low normal 16 | 13.3 | High Prl, low
progest

high N/low | high normal low low 16| 13.3| High LH, LH/FSH,

low progest, k&

normal | normal | normal normal low normal| 3 | 2.5 | Low progest.

normal| normal | normal normal normal | normal 34| 28.3| Normal hormonal
levels

high high normal normal low normal| 5 | 4.2 | High LH,FSH,low
progest

high high normal high low normal2 | 1.7 | High LH,FSH, Prl,
low progest

high high normal high high normal | 1.7 | High LH, FSH,Prl,
progest.

low low normal normal low normal| 2 | 1.7 | Low
LH,FSH,Progest.

Prl= Prolactin; Progest= Progesterone; LH= LutetgaHormone;
FSH=Follicle Stimulating Hormone,E Oestradiol; n= Number of infertile
women; %= percentage.
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TABLE 4.17: Specific Hormnal Disorders in Infertile Women

Findings

% of Infertile
Women

Possible Diagnosis

High LH, LH/FSH, Prl, low
progest;k

33.3

Polycystic ovarian syndrome and
hyperprolactinaemia

High Prl, low progest 13.3 Hyperprolactinaemia and luteal phase
defficiency.

High LH, LH/FSH, low 13.3 Polycystic ovarian syndrome

progest,k

Low progest. 2.5 Luteal phase deficiency

Normal hormonal levels | 28.3 No hormonal disorder

High LH,FSH,low progest | 4.2 Hpergonadotropic hypogonadism

High LH,FSH, Prl, low 1.7 Hypergonadotropic hypogonadism an

progest

hyperprolactinaemia

nd

High LH, FSH,Prl, progest| 1.7 Hypergonadotropic hypergonadism ar
hyperprolactinaemia

Low LH,FSH,Progest. 1.7 Hypogonadotropic hypogonadism

Total 100

Prl= Prolactin; Progest= Progesterone; LH= LutetgaHormone;
FSH=Follicle Stimulating Hormone;,E Oestradiol; %= percentage.

133



Table 4.18: Total percentage of major hormonal digrders in

infertile women

Hormonal disorders n percentage(%)
Hyperprolactinaemia 60 50
Polycystic ovarian syndrome 56 46.6
Luteal phase deficiency 19 15.8
Hypergonadotropic hypogonadism 7 5.9
Hypogonadotropic hypogonadism 2 1.7
Hypergonadotopic hypergonadism 2 1.7
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4.7 Relationship between BMI and Biochemical pameters in

infertile women and controls
There was no significant correlation between "Bkl aerum LH in the
infertile women (r = 0.102, p=0.269) while theresrasignificant positive
correlation between BMI and serum LH in control§(263, p=0.043) as
shown in fig.4.6. There were no significant caatens between BMI and
serum FSH in both the infertile women(r= -0.003,0&72) and
controls (r=0.088, p=0.503). Similarly there ware significant correlations
between BMI and serum prolactin in both the infertvomen (r=0.003,
p=0.970) and the controls(r=0.007, p=0.607).Thezeevalso no significant
correlations between BMI and serum progesterott®ih infertile
women (r=-0.127, p=0.168) and the controls (r=9,18- 0.148). No
significant correlations were found between BMdl &erum oestradiol in
both infertile women (r= 0.015, p=0.874) and thatoals (r= -0.107,
p=0.414).
No significant correlations were found between Biitl serum LH/FSH
ratio in both infertile women (r= 0.005, p= 0.9%#d the controls (r=0.175,

p=181).
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4.8 Relationship between Age and BMI
Correlation between Age and BMI showed no sigaiftccorrelation
in infertile women (r=0.161, p=0.079) while thevas a positive

correlation between age and BMI in controls (83@, p=015) fig.4.7
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status of groups: controls
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Fig.4.6: Scatter Plot- Showing Relationship betwe@eBody mass index and serum
LH in controls.

The Line shows positive correlationetween Body mass Index and serum
LH in controls.
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status of groups: controls
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__Fig.4.7: Scatter Plot Showing Relationship betweenody mass index and ageﬁ
Controls.

The Line shows positive corgglon between Body mass Index and Age
in Controls.
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CHAPTER FIVE

5.1 DISCUSSION
Reliabilty performance characteristics such as r@aoyy precision and
sensitivity of the serum reproductive hormonasag techinique have been
assessed using diagnostic reagents kits suppli&yillyon Bioresearch, Inc.
2774 Loker Avenue West. Carlsbad, California. USA

The evaluation of the methods used in this stodyte
measurement of the serum reproductive hormonesFSH, prolactin,
progesterone and oestradiol ) shows acceptaldésle? precision and good
linearity with a significant correlation of r =9¥0, r = 0.999, r = 0.973, r =
-0.826, r = -0.881 respectively and an acceptaiolefficient of variation
(CV) limits that ranges between 5.9% — 8.0% (withins) and 6.2% —
9.8% (between-runs) for LH, 7.2% - 8.4% (within-syiand 5.5 %— 9.0%
(between-runs) for FSH, 3.1% —7.5% (within-runsj & 9% — 9.3%
(between-runs) for prolactin, 3.1% — 7.5% (witlhims) and 6.9% — 9.5%
(between-runs) for progesterone, 2.1% — 5.1% (withns) and 2.7% —
10.1% (between-runs) for Oestradiol. Thus the oetthas an acceptable

level of precision . The results also demonstiade the assays were more
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precise at high reproductive hormone concentrdiegause of the lower CV
for both with-runs and between-runs precision pesfi

The clinical characteristics of the controls anf@iitile women recorded in
this present study showed a mean age of 30.5Z)18etrs and a mean age
31 (19-45) years respectively, which are withinnibemal reproductive age
of women in this environment.

This was similar to the findings of chigumaeétal, (1998) who in their
study population at King Edward VIl Hospital, Damp, found that the
mean age of black, infertile women was 31 yearsliewh a study by
Wittemeret al.(2000), on women referred for IVF in the USA, themaen’s
mean age was 33.07 years.

It has been found that more of the infertile wan(@2.5%) and (50%) of
the controls in this present study fell in the ggoup 25-34 years. This is
in keeping with the study by Cateisal,(1985) in which they found the
majority of infertile women in an African setting fall in the same age
group.

The mean duration of infertility of the infertdeomen in this present study
was 5year. This differs from the findings of Gagt al (1985) in which

over 2/3 of infertile couples in developing cauegd only seek medical

attention after trying to conceive for more thaty2ar. On the contrary,
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about half of couples in developed countries seakuations after trying
for less than 2years. The possible explanatioZsima is that most of
the couples only present after several years dirsgéhe assistance of
traditional/spiritual healers and general praatiéis and therefore present at
a later age.

It has been found in this present study thatrajribe infertile women
(31.7%) had primary infertility and (68.3%) haataedary infertility.
This is attributed to the fact that the major canfsafertility in African
women is due to damage to fallopian tube functitictv usually occurs
following pelvic inflammatory disease, post abodapsis and peuperal
complications.

The results of anthropometric measurements idxan the present study
show that weight and body mass index(BMI) were &igh infertile
women than in controls and this differences weaistically significant .
These findings were similar to other published repRogers and mitchel
1989, Hantz,et al 1995, Bates, G.W, 1999 ) where the increase inhteig
and BMI indicated either overweight or obesityisTimay probably
result from a chronic imbalance between energykatnd energy
expenditure. Cultural factors, such as the inciekasailability of

high caloric/energy dense food, or the decreased fog physical activity,
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contribute to its development, and their influerecamplified by genetic
predisposition. Obesity causes abnormalities ofregriones in women of
reproductive age leading to oligo-ovulation, anatoeh , subfertility and
increased risk for miscarriage, both spontanecarstlafter infertility
treatment.

There are also an increase rigk amenorrhea, oligomenorrhea, and
menorrhagia due to ovulatory dysfunction.

It has been observed in the present study niithei 120 infertile women
studied, the mean serum prolactin, LH, and LH/F&tibrwere significantly
higher in infertile women than in controls. Meamnuse progesterone and
oestradiol were found to be lower in infertile wemthan in controls and
FSH was not significantly different in both thearle women and controls.
According to Guzick,(2004) , a combined elevatidhld and LH/FSH ratio
with low or normal FSH and low oestradiol are sgeassociation with
polycstic ovarian syndrome ( PCO8)was also observed from this study
that 46.6% of the infertile women had elevated LH/FSH ratio, low
progesterone and oestradiol which are biochemigdkace of androgen
excess an indication that infertility in these wonmeay be due to PCOS.
But suprisingly no records of PCOS cases were decbramong the 550

infertile women studied by Emokpaat,al (2005) even though it was well
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documented that PCOS is one of the commonest endatisorders among
African women with infertility. And again there weeno records of
anthropometric data from their study to know th@dence of obesity
among these women since obesity is one of the maguolisposing factors in
PCOS .

However the finding in this study was similar b tone reported by Steven,
M. (2003) in South Africa who reported 45.8% of &0 infertile women

to have PCOS.The exact cause of PCOS is unclearibibhought to be
caused by hypothalamic disorder. Polycystic ovgndsome is a
heterogeneous clinical entity characterised byssaynd symptoms of
hyperandrogenism and anovulatory disorders ofteacated with infertility
and obesity. Relatively low FSH concentration arsgiabportionately high
LH with a ratio of LH to FSH of greater than 3 ammmon in PCOS.

This reflects an increase in androgen productiothbga cells which is LH
dependent and is associated with anovulatibis also argued that the
probable cause of the anovulation may be insaffid=SH. Follicles in the
ovaries of women with PCOS do not mature fully #relgranulosa cells in
these arrested follicles are low in number and atame activity. Therefore
oestradiol production by this follicles is limiteashd hence the low oestradiol

levels observed in this study.
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The high serum prolactin observed in this pressady signifies
hyperprolactinaemia. It has been observed in thegmt study that in the
120 infertile women studied, hyperprolactinaemia Wwaund in 50% of
cases.This differs from the findings of Emoalkpal (2005) who recorded
8.5% with 550 infertile women in Kano. Howevere inding in this study
Is similar to the findings reported by Kuktial (1992) in Lagos in which
48.9% of the infertile women had hyperprolactinaerfirolactin is involved
in the regulation of gonadal function. It stimukatee generation of LH
receptors in the gonads. In the female this effectrs in the ovarian corpus
luteum. Hyperprolactinaemia suppresses gonadatiumby short-loop
negative feed-back inhibition of LH release. Itoateduces GnRH secretion
and interferes with ovulation.Therefore, in additio the galactorrhoea,
infertility and amenorrhoea often occur (LaycockMse, 1996, Crameat
al.,2003)

The commonest causes of hyperprolactinaemia ieslsttess, nonfasting
sample, excessive exercise, trauma, renal faidum@ cirrhosis. Postictal
patients also develop hyperprolactinaemia withihHours after a seizure.
Many common medications cause hyperprolactinaergi®epamine-
receptor antagonists (phenothiazines, butyrophendahi@xanthenes,

risperidone, metoclopramide, sulpiride, pimozid&)pamine-depleting
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agents (methyldopa, reserpine). Others includssnfazid, danazol,
tricyclic antidepressants, monoamine antihypertessiverapamil,
oestrogens, antiandrogens, cyproheptadine, opldiddpckers

[cimetidine], cocaine). Hyperprolactinaemia mayalgcur as a consquence
of polycystic ovarian syndrome and prolactin semgetumour(Turex, 2003)
Another potential cause of hyperprolactinaemiaasmprolactinaemia.
Macroprolactinaemia is the apparent increase mnsgrolactin without
symptoms. In this condition, serum prolactin molesican polymerise and
subsequently bind to immunoglobulin G (IgG).

This form of prolactin is unable to bind to prolaateceptors and exhibits no
systemic response. In the asymptomatic patient hyigerprolactinaemia,
this condition should be considered.

It was observed from the present study that hypé&ptinaemia has the
highest incidence of all the hormonal abnormalitae®l it also coexists with
some other hormonal abnormalities such as polycgstirian syndrome,
hypergonadotropic hypergonadism and hypergonadotigpogonadism as
observed in this study. This may suggest the paesef multiple endocrine
disorders in some of the infertile women .

Hyperprolactinaemia may occur on it's own as a eafsypogonadotropic

hypogonadism in the infertile women or it may ocasrconsquence of
145



polycystic ovarian syndrome.The hyperplactinaeniseoved in this study
may be as a result of polycystic ovarian syndronte@obably as a result
of stress associated with infertility in this gpoof patients.

It has been observed in this present study, ti286 4f the infertile women
had elevated LH, FSH and low progesterone andambstiwhich
characterised hypergonadotropic hypogonadism argui ovarian failure
(POF) . This was similar to the findings of Emoakpal (2005) who
found 4.7% of the infertile women to have hypergtoteopic
hypogonadism. Female hypergonadotropic hypogonadisaurs as a result
of primary ovarian hypofunction an indication tifi@ture to conceive may
lie in the ovary.

Chemotherapy, radiation therapy or both are fretip@aquired causes of
ovarian failure. Autoimmunity may also play a role in some cadeBOF
without the presence of specific autoimmune disedsesuch cases,
antibodies specifically attack the cells that secreproductive hormones
thus causing ovarian failure.

Other causes of primary female hypergonadotropimgonadism
include Turner's syndrome (45 XOphenotypically female with infantile
sexual development and ovaries containing no fellic menopause,

testicular feminisation (androgen insensitivityhepotypically female,
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genetypically male) , LH or FSH receptor mutati¥iX or XY gonadal
dysgenesis and polycystic ovary disease.

The finding of the present study also shows ih#¥ of the infertile
women has elevated LH, FSH and progesterone wigaifies
hypergonadotropic hypergonadism . This finding wiaslar to the finding
of Emokpae. M.Aet al (2005) who found 1.1% of the infertile women to
have hypergonadotropic hypergonadism.

It was also observed in this present study tha@6finfertile women studied
1.7 % has low LH, FSH, and progesterone this sgmtiypogonadotropic
hypogonadism . This differs from the findings BMmoakpezt al, (2005)
who found 3.5% from 550 infertile women studiechtve
hypogonadotropic hypogonadism.

The genetic causes of hypogonadotropic hypogomaisiudes Kallman'’s
syndrome ( Anosmia and Gonadotrphin releasing hoenttzficiency),
isolated LH or FSH deficiency, PROP1 gene mutattbaslead to absence
of some pituitary hormones. Secondary causes adggmadotropic
hypogonadism includes celebral tumours pituitargdurs, astrocytoma,
head trauma , cerebral infections celebral ramhathronic systemic
disease and malnutritions . Other causes inclugasrprolactinaemia

diabetes mellitus and marijuana use.
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It has been observed in this present study thtadfa2 infertile women
who were in their luteal phase, luteal phase aafay was found in

65.5% of the study group and 59.3% of this groupavieund to coexist
with hyper prolactinaemia. This differs from thedings of

Emokpae, M.Aet al who found 12.8% of the infertile women who had
hyperprolactinaemia but normal LH, FSH and low msigrone. Luteal
phase deficiency occurs when there is deficieng@sterone secretion by
the corpus luteum. The relationship between hypémptinaemia and luteal
phase deficiency was first documented by mcNattyatleagues in 1974
and they found that neutralisation of prolactirtifture medium with
specific antibody or addition of prolactin overdbhold leads to diminished
daily progesterone productionvitro. In another study induced mild
hyperprolactinaemia shows reduced Luteal phasesptepne. These
findings corroborate the theory proposed by Bahatast al that luteal
phase defficiency is a part of natural sequen@vehts between normal
ovulatory and amenorrhoea that occurs in women pribigressive
hyperprolactinaemia. It therefore means that Iypbalkse defficiency is a
common disorder in infertile women with hyperprdlagaemia and this may
explain the luteal phase deficiency observedimgtudy.

The findings in the present study demonstizéthere were no
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correlations between BMI and all the reproductigentones in infertile
women, while there were positive and significantelations between BMI
and serum LH in controls. However the serum levélHbincreases as the
BMI increases, and that this type of associatiogsdmt exist among the
infertile women.This differs from the findings d&e pergola,et al 2006,
where overweight and obese fertile women have lower LH

levels in the early follicular phase. This may @mbly be due to a possible
direct inhibitory effect of body mass on gonadoingproduction. In this
study the majority of the fertile women(56.6%)revewithin nomal

weight and probably the direct inhibitory effecttbé body mass on
gonadotropic production may have no effect or iy mether have
stimulating effect on the gonatropin productions timay be the

reason for the direct correlation observed betvwedhand LH.

There were no significant correlations betweenagkeBMI in infertile
women , while there were positive and significamtrelations between age
and BMI in controls. This suggests that BMI incea with advancing
age among the controls and this relationship wasratamong the

infertile women.
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5.2CONCLUSIONS.
1.The mean levels of serum LH, Prolactin and LH{F&tio were found to
be significantly higher while progesterone and i@&bbl levels were
significantly lower in the infertile women thantime controls while 28.3%
of them were found to have a normal hormonal ile®f
2.Hormonal abnormalities were seen in 71.7% oérirlé women
comprising 33.3% polycystic ovarian syndrome viayiperprolactinaemia,
13.3% luteal phase deficiency with hyperprolactmee, 13.3% polycystic
ovarian syndrome, 4.2% Hypergonadotropic hypogsnad2.5% luteal
phase defficiency, 1.7% Hypergonadotropic hypog@madwith
hyperprolactinaemia, 1.7% Hypogonadotropic hypodam and 1.7%
Hypergonadotropic hypergonadism.
3.Hyperprolactinaemia was found in 50% of infertilemen studied and
coexisted with some other hormonal abnormalities .
4.Polycystic ovarian syndrome was found in 46.6%nf=rtile women
studied.

5.There was positive and significant correlatiotwsen BMI and serum LH

in controls.
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6.Even though some information exist on hormonalleireNigerian
infertile women this is scanty in Zaria, Northelhgeria.

7.The results of this study indicate that hormahsbrders may be
responsible for some cases of women with infeytilithese results
also suggest that hormonal disorders that ocaurdertile women in

Zaria, Nothern Nigeria may be treatable.

5.3 RECOMENDATIONS
Estimation of serum levels of LH, FSH, progesterdProlactin and
oestradiol should be part of routine investigatidimfertile women in
Nigeria in order to assess the aetiology of homhabnormalities and
determine the treatable groups; these resultddlabuays be assessed in
conjunction with the patient’'s medical history notial examinations and

other findings.
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APPENDIX |
CONSENT FORM

Serial NO.....ooov e,

Consent Form to participate in a study

The research is designed to assess the pattegpafductive hormones in
women with infertility in Zaria. Blood will be regred for the study.

The results obtained will be treated with confidiiitiy.

You are free to participate or decline in this gtwdthout any consequence.
This study will hopefully improve your present hbaktatus and that of
others in the future.

If you desire to participate in the study pleassdly sign the attached form
below.

Thank You.
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APPENDIX Il

INFORMED WRTTEN CONSENT

.................. agreed to participate in this study of asseent of the pattern
of reproductive hormones in women with infertilitp Zaria. The full
procedure and the probable benefits of the test Wiy explained to me.

| was informed that a sample of my blood will lmdlected for the test. If |
so wish, the test results will be communicated &imconfidence.

| made this consent willingly without being subptito any pressure.

Participant Name........ocooviiiii e,
Signature.............cooeiene.

Witness Name......oo oo,
Signature.............cooiienen

Researchers Name.......oovev i e e
Sighature.............coooiene.
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APPENDIX IlI

QUESIONAIRE ON PATTERN OF REPRODUCTIVE HORMONES IN
WOMEN WITH INFERTILITY IN ZARIA NORTHERN NIGERIA

Please read the following carefully.

Before any detailed study of your problems cantmdettaken,it is important that you are
familiar with all the pertinent facts. Thereforastto your benefit that you answer the
following question honestly.

You are assured that the this confidential questioe as part of your case history wil be
held in the strictest confidence, according todtiecs of the medical profession.

SECTION A MEDICAL HISTORY
SEMAI NO: e e

(015 01 7= LN o o Do

Educational Status........... (@)primary (b)seatsry (c)tertiary

(@ ToTo] U] 0= (o] o A PSR PRRRRTPP
Duration of infertility in years............ccooieeeiiinnnieeeeeiii e,

Age at MENAICNE. ...

Date of last child birth if

menstrual History (a) Regular (b)irrega

Menstrual phase (a) follicular  (lmvulatory (c) Luteal
(d)Amenoric
Types of infertility (a) Primary (I§econdary

History of Galactorrhoea: (a)Absent (b) Peadt
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History of Hirsutism (a) Absent (b) Present

His tory of use of contraception....(a)No (b)Yes
History of past drug treatment:  (a) No (b) Yes

If yes what drug treatment ...

Any family history of infertility?. (a)No (b)Yes

SECTION B. PHYSICAL EXAMINATION

Devel opment of Secondary sexual characteristics:

(a)well developed (b)poorly developed

Galactorrhoea: (a)Demonstrable (b)Not demonstrable
Hirsutism.: (a)Demonstrable (b)Not demonstrable
Virilism: (a) Demonstrable (b)Not demonstrable

158



SECTION C LABORATORY RESULTS

PrOgESIEIONE. .. ..t e e e e (ng/ml)
OESradiol. ... .o (pg/ml)
Prolactin. ... ..o (ng/ml)

Luteinizing hormone (LH)........cooviiiiii i (mIU/ml)
Follicle Stimulating Hormone(FSH)............ccooiiiiiini, (miJ/ml)
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